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ABSTRACT
Prediction of Maximum Oxygen Uptake 
From a Modified YMCA 
3 -  Minute Step Test
by
Antonio Saraiva Santo
Dr. Lawrence A. Golding, Examination Committee Chair 
Distinguished Professor of Kinesiology 
University of Nevada, Las Vegas
The relationship between post exercise recovery heart rate (PERHR) and 
maximum oxygen uptake using a height specific bench with a modified Young Men’s 
Christian Association (YMCA) 3-Minute Step Test was investigated. Sixty apparently 
healthy males and females between the ages of 18 and 55 years stepped on a height 
specific bench for 3 minutes in order to obtain their 1-minute and 15-second post exercise 
recovery heart rates. An EKG monitored post exercise recovery heart rates. Maximum 
oxygen uptake was measured by open circuit spirometry on a motor-driven treadmill. 
Correlation and regression statistics were used to analyze the data. Results indicate a 
significant correlation between the 1-minute PERHR and maximum oxygen uptake (r = 
.5796, rcriticai = .2108) and a significant correlation between the 15-second PERHR and 
maximum oxygen uptake (r = .5428, rchncai = .2108).
Ill
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CHAPTER 1 
INTRODUCTION
Step tests have been widely used for many years with varying applications. There 
are literally hundreds of different protocols that have variations on stepping rate, height 
of the bench, time etc. The most important entity that all step tests possess is that of 
estimating the fitness level of an individual. Young Men Christian Associations 
(YMCAs) across the United States have used the Kasch Step Test or, more commonly 
known as the 3- Minute Step Test, as one of the means of assessing cardio-respiratory 
fitness. The test uses a 12-inch high bench. This bench is used for all participants. This 
constant step height poses a problem because it is biomechanically easier for the taller 
person to step on the bench than the shorter person. This difference in efficiency would 
appear to alter the work between subjects. Work is the product of bench height, cadence 
and body weight. However, efficiency is not included in the equation. To illustrate: a tall 
individual may have a low level o f fitness as determined by maximum oxygen uptake, 
and a short individual may have a higher level of fitness also determined by maximum 
oxygen uptake. If both complete the 3-Minute Step Test on a 12 inch high bench the tall 
individual (due to a biomechanical advantage) may appear, by post-exercise recovery 
heart rate (PERHR) to be fitter than the shorter individual. Culpepper and Francis (1987)
1
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developed an equation to compensate for the differences in standing height between 
individuals to better assess cardio-respiratory fitness firom step tests. Using this correction 
equation in conjunction with the 3-Minute Step Test may allow for a more valid 
prediction of maximum oxygen uptake fi-om the PERHR of the individual.
Stature is not the only variable that is involved in the efficiency of stepping. Age 
usually results in a declined physical working capacity. This is well documented by Irma 
Astrand (1960) who found that aerobic capacity decreased by 17% for females fi’om 25 to 
55 years of age and 26% for males fi'om 35 to 63 years of age. From the author’s research 
a correction factor for age was developed.
Body weight is another variable that influences the efficiency of stepping. Mariott 
and Gumstrup-Scott (1992) reviewed several articles on the effects of % body fat on 
aerobic capacity. All of the articles reviewed suggested that there is an inverse 
relationship between % body fat and aerobic capacity. As % body fat increases, aerobic 
capacity decreases and as % body fat decreases, aerobic capacity increases.
There have been numerous studies (Astrand, 1954; Margaria, Aghemo, and 
Rovelli, 1965; Fitchett, 1985; Siconolfi, Garber, Lasater, and Careleton, 1985; Culpepper 
and Francis, 1989; Francis and Brasher, 1992) involving the prediction of maximum 
oxygen uptake fi-om submaximal tests. Despite the limitations briefly discussed, many 
researchers have found extremely high correlations between max VO2 and a predicted 
max VO2 . However, there are other studies reporting much lower correlations. This may 
reflect the variability mentioned above and small testing populations.
The YMCA 3-Minute Step Test uses a 1-minute post exercise recovery heart rate
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as the determinant of cardio-respiratory fitness. In a pilot study, Santo (1997) 
demonstrated a weak correlation of .5945 between Max VO2  and the PERHR using 
Culpepper and Francis’ equation for step height with the YMCA protocol. Watkins 
(1984) reports that the highest reliability when predicting Max VO2  firom submaximal 
step testing occurs when the recovery heart rate is taken within the first 20 seconds post 
exercise. This suggests that there may be loss of predictability in Max VO2 when using 
the full 1-minute recovery heart rate.
Need for Study
To date there have been no studies found in the literature that have used a variable 
height bench with the YMCA Step Test nor have studies been published on predicting 
Max VO2 fi'om the results of the YMCA Step Test. The YMCA Step Test has also not 
utilized an age correction factor. A study involving the differences between using a 1- 
minute recovery heart rate and a 15 second recovery heart rate to predict Max VO2 has 
not been found in the literature. No studies have been found in the literature that predicts 
max VO2 firom the results of the YMCA Step Test. (Because o f its inherent complexity, 
body weight will be beyond the scope of these investigations.)
Purpose
The purpose of this study is to determine which time firame o f counting recovery 
heart rate, 1-Minute or 15 seconds post exercise, yields the greatest correlation with Max 
VO2 when using an individualized bench and age correction factor with a modified 
YMCA Step Test protocol.
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Assumptions and Limitations 
The following assumptions were made:
1. that the equation published by Culpepper and Francis to establish the bench 
height was valid.
2. that the correction factor for age was valid.
3. that all o f the procedures for pre-testing and testing were administered 
correctly.
4. that during the max VO2 treadmill test participants attempted to perform 
maximally.
The limitations of the study are:
1. that all psychological factors that may influence performance during the 
exercise tests were not accounted for.
2. that daily routines, except exercise and food intake, which may effect exercise 
performance were not controlled.
3. that the results o f this study may only be compared to studies utilizing the 3- 
minute step test.
4. that since this study involved 60 subjects, inferences about the total population 
are limited.
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CHAPTER 2 
LITERATURE REVIEW
Maximum oxygen consumption (Max VO2) has become the prime indicator for 
cardio-respiratory fimess in individuals of all ages. Max VO2 is the maximum amount of 
oxygen that can be used by the body during exercise per minute. A disadvantage of 
measuring Max VO2 is that it requires laboratory equipment that is not always suitable 
for mobility. Since it requires the participant to exercise at maximal exertion there is an 
element of risk. This often limits the population to which the test may be administered. 
The Max VO2 test is a valuable laboratory technique but not a practical means of 
assessing cardio-respiratory fitness for large groups. For this reason submaximal tests 
have been developed to estimate Max VO2 . These tests have used the cycle ergometer, 
step tests, swimming and other experimental equipment. Although the various tests use 
different modalities, the purpose is the same: to assess cardio-respiratory fitness. Many of 
these submaximal tests predict Max VO2 accurately. Astrand and Rhyming (1954) 
developed a nomogram for calculating aerobic capacity fi-om pulse rates during 
submaximal work. Their investigations were followed by other tests to estimate Max VO2 
and therefore aerobic capacity. Step tests are commonly used to assess cardio-respiratory 
fitness. They are many times the modality of choice because of easy administration, lack 
o f the need for laboratory equipment, and they are easy to interpret.
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The Harvard Fatigue Laboratory (1927 to 1947)
The Harvard Fatigue Laboratory was the first laboratory designed for the 
comprehensive study of physical performance. “The Laboratory’s wide range of interests 
and research is indicated by the many disciplines represented by its staff and associates: 
physiologists, biochemists, psychologists, biologists, physicians, sociologists, and 
anthropologists’’ (Horvath and Horvath, 1973). This laboratory was dedicated to research 
in the physiology o f human performance. From when it was founded in 1927 to its 
closing in 1947 the laboratory’s contributions laid the foimdation for all future research in 
human performance. “Some of the first findings concerning man’s adaptation to his 
environment were made there -  not only his normal, everyday, and working 
environments, but his adaptation to unusual stresses, such as athletic performance, 
exposure to strange environments, and war” (Horvath and Horvath, 1973). The first 
submaximal step test, the Harvard Step Test, was developed as a test of cardio-respiratory 
fitness.
The Harvard Step Test (1943)
This step test was developed out of an earlier test called the “Stone Boat Test”. 
This test required an individual to pull a sled over a flat surface, for 300 yards at a rate of 
one yard per second. The weight of the sled was adjusted so that the total weight pulled 
by the subject was equivalent to 1/3 of the subject’s weight. A recovery heart rate was 
used to determine the individual’s fitness level. Due to its space requirement this test was 
modified into a step test. The individual wore a backpack that was weighted with 1/3 of 
the subject’s body weight.The subject then stepped on a 16 high inch platform at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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30steps/rninute until the subject could not continue or until they reached 5 minutes. The 
subjects pulse rate was counted at 3 different intervals and was used to calculate a fitness 
index. Eventually, the backpack was eliminated fi-om the step test and modifications to 
step height and rate o f stepping were made. Brouha (1943) using 800 male students 
developed this Harvard Step Test. It was also known as the Brouha StepTest. The test 
required individuals to step on a 20 in (50cm) high bench for 5 minutes at a rate of 30 
steps/minute. The test was terminated when the either the subject voluntarily stopped or 
when the 5 minutes were completed. The recovery heart rate was taken at 3 intervals:
1 to 1.5 minutes
2 to 2.5 minutes
3 to 3.5 minutes
A fitness index was determined by the following equation:
Index = (duration of the exercise in seconds)(100)/2(sum of the recovery heart rates) 
The fitness index scores were then compared to a norm table. The categories are listed in 
Table 1.
Table I
Norms for Harvard Step Test
Category______ Index Score
Poor <54
Low Average 54 - 67
High Average 68 - 82
Good 83 - 96
Excellent >96
The Harvard Step Test was used for many years but was useful only in limited 
populations. The major criticism was the height of the bench and the speed of stepping. 
Many times local muscular fatigue ended the test rather than cardio-respiratory fatigue.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The test posed problems for short individuals as well as older and overweight 
populations. New step tests were developed that accommodated a variety of populations. 
Most of the step tests that were developed were modifications of the Harvard Step Test.
Progressive Pulse Ratio Test (1947)
Cureton (1947) developed the progressive pulse ratio test as a measure of 
estimating an individual’s capacity to utilize oxygen during physical exercise. The test 
begins with the subject sitting relaxed for 5 minutes then taking their resting heart rate. 
The subject then stepped on a bench that was approximately 17 inches high for men and 
14 inches high for women. The stepping fi-equency increases with each work interval as 
described below and PEHR was taken after each bout of stepping.
Rest Interval: 5 minutes
W ork Interval I: 12 steps/minute for 1 minute
2 minute recovery heart rate
Rest Interval: 5 minutes
W ork Interval H; 18 steps/minute for 1 minute
2 minute recovery heart rate
Rest Interval: 5 minutes
W ork Interval HI: 24 steps/minute for 1 minute 
2 minute recovery heart rate 
Rest Interval: 5 minutes
W ork Interval IV: 30 steps/minute for 1 minute 
2 minute recovery heart rate 
Rest Interval: 5 minutes
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
W ork Interval V; 36 steps/minute for 1 minute 
2 minute recovery heart rate 
Rest Interval: 5 minutes 
During the 5 minute rest interval the subject’s heart rate was taken for 2 minutes 
beginning 10 seconds after each I - minute work interval while they were sitting. The 
PEHR was taken then divided by resting heart rate expressing PEHR as a ratio of resting 
heart rate. At the termination of the test, the examiner should have 5 fractions consisting 
of the 2 minute heart rate over the resting heart rate.
To illustrate: ™
The resting heart rates are then divided into the 2-minute heart rate counts resulting in a 
ratio. In the above example, the ratios are:
2.20 2.41 2.52 2.72 3.77
The more the ratio increases the lower the level of physical fitness o f the subject. In well 
conditioned individuals the ratios will remain fairly constant throughout the test. The 
results of this step test can be compared with those found in Table 2.
123/ 135/ 141/ 163 , 241 ,
'5 6  '56  '56  '60  '6
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Table 2
Norms for Pulse Ratio Step Test
Men 26-60 years old
Fitness Category 
Excellent 
Above Average 
Average 
Below Average 
Poor
12 steps/min. 
1 .72-1 .80 
1.85-2 .07 
2 .1 1 -2 2 0  
2.24 - 2.46 
2.50 - 2.59
18 steps/min. 
1 .73-1 .84 
1.90-2 .19 
2.24 - 236  
2.42 - 2.70 
2.76 - 2.88
24 steps/min. 
1 .72-1 .88  
1 .9 5 -2 3 4  
2.42 - 2.57 
2.65 - 3.03 
3 .1 1 -3 .2 6
30 steps/min. 
1.79- 1.98 
2.07 - 234  
2.63 - 2.82 
2.92 - 339  
3.48 - 3.67
36 steps/min. 
1.62-1.90 
2.03 - 2.73 
2.87-3 .15 
3.28 - 3.98 
4 .12-4 .40
% Rank  
99.9 - 99.2 
9 8 -7 2  
6 1 -3 8  
2 7 - 1.8 
.82 -.14
Women 26-60 years old
Fitness Category 
Excellent 
Above Average 
Average 
Below Average 
Poor
12 steps/min. 
1 J 9 -  1.71 
1.77 - 2.06 
2 .12-2 .23  
2.29 - 2.58 
2.64 - 2.75
18 steps/min. 
1.63 - 1.77 
1.84-2.19 
2 2 6  - 2.40 
2.47 - 2.82 
2.89 - 3.03
24 steps/min. 
1.76 - 1.92 
2.00 - 2.39 
2.47 - 2.63 
2 .71-3 .11  
3 .19 -3 .35
30 steps/min. 
1.79 - 1.99 
2.10-2.61 
2.71-2 .92  
3.02 - 3.53 
3.63 - 3.84
36 steps/min. 
1.95-2.16 
236 - 2.77 
2.87 - 3.07 
3.17-3.68 
3.78 - 3.99
% Rank 
99.9 - 99.2 
98.2 - 72.6 
61.8-38.2  
27.4- 1.8 
.8 -.1
The 5 ratios can be plotted and connected on a graph with the Y axis representing the 
pulse ratios and the X axis representing the steps/minute. A fit individual’s graph will rise 
gradually and remain fairly straight demonstrating their ability to deliver sufficient 
oxygen to their muscles under the increasing workloads. Elite athletes demonstrated very 
little increase in the angle of the line. Less conditioned individuals demonstrated a steep 
increase in their ratios. If the line joining the 5 ratios suddenly “broke” and became 
steeper, Cureton referred to this as the angle o f break, this was the point of anaerobic 
threshold; the point at which the body begins to produce ATP through anaerobic 
glycolysis resulting in lactic acid production.
Modified Harvard Step Test For Women (1959)
Sloan (1959) sought to modify the Harvard Step Test for women. The original 
Harvard Step Test was designed for males on a 20 inch bench. Sloan criticized the test 
because he felt that women did not complete the step test because of local muscular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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fatigue. The author’s purpose was to determine a step height for females that would stress 
the cardio-respiratory system. Sloan also determined if  the results from the modified test 
could be compared to the original Harvard Step Test. This study examined 15 women 
between the ages of 17 and 21. Each participant performed 3 step tests at a rate of 30 
steps/minute. The height o f the step was the only variable manipulated firom the original 
step test protocol. The bench heights were 20 inches, 18 inches, and 16 inches. The 
women’s results fi'om this study were compared to a group of 46 males who performed 
the original step test. In other words, the index scores firom the females were compared to 
the index scores fi'om the males.
Index = (duration o f the exercise in seconds)(100)/2(sum of the recovery heart rates) 
Forty-two of the men were in the same age group as the women. The same author 
completed another study that tested 16 women, aged 17-21, on bench heights of 18, 17, 
and 16 inches and compared them to the above group of 46 males. After comparing the 
scores form both of the women’s groups to the male group, Sloan concluded that a bench 
height of 17 inches would be more suitable for women when comparing women’s scores 
to men’s scores. This suggests that a 17 inch bench enables a health professional to 
compare the results of women with men and vice versa. This reduces the likelihood that 
the test is terminated because of local muscular fatigue rather than a stressed cardio­
respiratory system. This study concluded that with the 17 inch bench, no discrimination 
between the sexes would result.
Modified Harvard Step Test For Women (1963)
Skubic and Hodgkins (1963) also modified the Harvard Step Test that could be 
used to assess women’s fitness. Ninety-six females between the ages of 12 and 25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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stepped at a rate of 24 steps/minute on an 18 inch high bench for 3 minutes and another 
time for 5 minutes (2 separate step trials). After stepping, the subjects rested for one 
minute, the pulse rate was taken for 30 seconds (PERHR taken after 1-minute of rest). 
Stepping at 5 minutes and 3 minutes resulted in a correlation of .79 between the 2 step 
tests administered. This suggests that the scores from the 2 tests are similar and can be 
compared to one another. The author’s calculated a correlation of .778 between pulse 
rates taken at the 3”* minute of exercise and recovery heart rates taken during the 30 
second interval. This suggests that using the 30 second recovery heart rate is a valid 
measure o f cardio-respiratory fitness. This study suggested that using the recovery rates 
can discriminate between various fitness levels. It also suggested that 3 minutes of 
stepping on the 18 inch high bench is sufficiently strenuous to be classified as hard work 
for girls and women.
Kasch Step Test (1965)
The Kasch Step Test (1965), later known as the YMCA’s 3-minute step test 
(1970), uses a 1-minute post exercise heart rate to assess an individual’s cardio­
respiratory fitness. The participant steps on a 12 in high bench for 3 minutes at a rate of 
24 steps/minute. The recovery heart rate is counted immediately after the 3 minutes of 
exercise (within 5 seconds) while the subject is sitting. The recovery heart rate in beats 
per minute is used as the score and is compared to the norms presented in Table3.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3
Norm? for YMCA Step Test
MEN Age (Years)
Fitness Category 18-25 26-35 36-45 46-55 56-65 65+
Excellent <79 <81 <83 <87 <86 <88
Good 79-89 81-89 83-96 87-97 86-97 88-96
Above Average 90-99 90-99 97-103 98-105 98-103 97-103
Average 100-105 100-107 104-112 106-116 104-112 104-113
Below Average 106-116 108-117 113-119 117-122 113-120 114-120
Poor 117-128 118-128 120-130 123-132 121-129 121-130
Very Poor >128 >128 >130 >132 >129 >130
Women Age (Years)
Fitness Category 18-25 26-35 36-45 46-55 56-65 65+
Excellent <85 <88 <90 <94 <95 <90
Good 85-98 88-99 90-102 94-104 95-104 90-102
Above Average 99-108 100-111 103-110 105-115 105-112 103-115
Average 109-117 112-119 111-118 116-120 113-118 116-122
Below Average 118-126 120-126 119-128 121-126 119-128 123-128
Poor 127-140 127-138 129-140 127-135 129-139 129-134
Very Poor >140 >138 >140 >135 >139 >134
The ease o f administration and the ability to test various groups of people made the 
Kasch Step Test popular with the YMCA. The Kasch Step Test, now referred to as the 
YMCA Step Test, has been a part of the YMCA’s Physical Fitness Battery since 1975 
and has been administered to thousands of individuals.
The Ohio State University Step Test (OSU Step Test, 1969)
Kurucz, Fox, and Mathews (1969) developed a submaximal cardio-vascular test 
known as the Ohio State University Step Test or the OSU Step Test. The test consists of 
18 innings at 50 seconds each. “Inning” is defined as an interval of time lasting 50 
seconds. Therefore, testing may last up to 15 minutes. Each inning is divided into a 30 
second work period and a 20 second rest period. The pulse is taken during the 20 second 
rest period while the subject is standing beginning with the 5*** second for 10 seconds. 
The test is divided into 3 phases:
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Phase I: 6 innings at 24steps/minute on a IS in. bench 
Phase H: 6 innings at 30 steps/minute on a 15 in. bench 
Phase ni: 6 innings at 30 steps/minute on a 20 in. bench 
The test is performed with the participant holding onto a handlebar (support bar). The test 
is terminated when the subject’s heart rate reaches 150 beats per minute (25 beats in 10 
seconds) or when the subject completes all of the subsequent inn ings. The score is the 
inning that the heart rate reached 150 bpm. If the 15 minutes o f testing is completed, then 
a score of 19 is allotted. For example, if  an individual achieves a heart rate of 150 bpm at 
inning 12 (Phase II -  6* inning) their score would be 12. Kurucz, Fox, and Mathews 
administered this test to 75 male subjects between the ages of 19 and 56. The examiners 
performed a test-retest reliability that resulted in a correlation o f .94. They also correlated 
the results o f the OSU Step Test with Max VO2 values obtained from the Balke treadmill 
test. The step test scores and the Max VO2 values resulted in a correlation of .94. This 
suggests that the final workload (Max VO2 values) from the Balke test could be 
compared with the results o f the OSU Step Test. The authors also correlated the inning 
the heart rate reached 150 bpm during the step test with the workload that elicited a heart 
rate of 150 bpm during the Balke test. This suggests that reaching a certain stage during 
the step test will predict the corresponding stage during the Balke test. The scores fix>m 
the step test were used to rank populations into percentiles. Maria, Kiimear, Kearney, and 
Martin (1976) attempted to validate the use of the OSU Step Test. They concluded that 
the test had good reliability. The test-retest correlation was found to be .9 to .95. This 
study also examined the relationship between the post exercise recovery heart rate and
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max VO2 . The correlation that resulted was a low .47. The authors caution "...that the 
high validity originally reported may have been inflated due to the nature o f the criterion 
measure utilized.” Maria, Kinnear, Kearney, and Martin (1976). The Balke treadmill test 
is scored on the time it takes to achieve a heart rate of 180 bpm in response to graded 
workloads. The OSU Step Test also is scored on the time it takes to reach 150 bpm in 
response to increased workloads. The authors suggest that since both the Balke test and 
the step test utilize this scoring principle that there will be a greater relationship 
(correlation) between the two tests.
Modified OSU Step Test (1971)
Cotton (1971) modified the OSU Step Test so that it would be more suitable for 
mass testing in a class situation. The test consists o f 18 consecutive innings at 50 seconds 
each. Inning is defined as an interval o f time lasting 50 seconds. Each inning was divided 
into a 30 second work period and a 20 second rest period. This requires the subject to step 
for 30 seconds and rest for 20 seconds during an inning. During the 20 second rest period, 
the pulse rate was taken for 10 seconds beginning with the 5* second and ending with the 
15* second. The test requires the subject to step on a 17 inch bench at various stepping 
fi'equencies without using a handrail for support. The test is divided into 3 consecutive 
phases:
Phase I: 6 innings at 24steps/minute 
Phase n :  6 innings at 30 steps/minute 
Phase HI: 6 innings at 36 steps/minute 
The test was terminated when the subject reached a heart rate of 150 bpm during an 
inning or when the entire test was completed. The score was the inning that the subject’s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
heart rate reached 150 bpm. For example, if  an individual achieves a heart rate of 150 
bpm at inning 12 (Phase II -  6* inning) their score would be 12. If the subject completed 
the test (15 minutes), then a score of 19 was allotted. This study involved 34 males aged 
20 to 30. Cotton determined the test-retest reliability to be .95. A correlation of .84 was 
calculated between the step test scores and the Balke treadmill test.
Female-Eastern Michigan University Step Test (F-EMU Step Test, 1973)
Witten (1973) developed a step test to assess a woman’s fitness level more 
accurately than previous tests. The purpose of Witten’s study was to determine a 
submaximal heart response that would increase the validity of the step test as a measure 
of cardio-respiratory fimess. This study involved 20 females aged 18 -  22. The test 
consisted o f 20 innings with each inning lasting 50 seconds in duration. An inning is 
defined as an interval o f time lasting 50 seconds. Each inning consists o f a 30 second 
stepping period and a 20 second rest period. During the rest period, the pulse was taken 
for 10 seconds beginning with the 5* second and stopping at the 15* second. The innings 
were divided into the following 4 consecutive phases:
Phase I - Innings 1-5: 24 steps/minute on a 14 in. bench 
Phase n  - Innings 6-10: 30 steps/minute on a 14 in. bench 
Phase i n  - Innings 11-15: 30 steps/minute on a 17 in. bench 
Phase IV - Innings 16-20: 30 steps/minute on a 20 inch bench 
The test is terminated when the subject’s pulse rate reaches 168 beats per minute or when 
the subject completes all of the subsequent innings. The score is the inning that the heart 
rate reached 168 bpm. For example, if an individual achieves a heart rate of 150 bpm at 
inning 12 (Phase HI -  12* inning) their score would be 12. The test-retest reliability
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resulted in a correlation of .9. Correlation between the inning that the subject’s heart rate 
reached 168 bpm and the Balke treadmill test resulted in a coefficient of .85. Witten 
suggests that the 14 in. and 17 in. benches at both 24 and 30 step/minute appear sufficient 
enough to elicit a heart rate o f 168 bpm. This suggests that there is no need to work the 
participants more than they have to in order to assess their fitness.
Queens College Step Test (1973)
McArdle, Pechar, Katch, and Magel (1973) evaluated 300 female college 
students. In an earlier article, the authors reported a reliable step test of moderate 
intensity as a valid indicator of aerobic capacity.(McArdle, Katch, Pechar, Jackobson and 
Ruck, 1972) This step test was administered in the university gymnasium where the 
bench height (bleachers) was 16.25 in. The subjects stepped for 3 minutes at a rate of 22 
steps/minute. Each subject had a partner to count the recovery heart rate. After the 
stepping the subjects remained standing while a recovery pulse was taken for 15 seconds 
beginning with the 5* second and ending with the 20* second. Thirty-six of the 300 
women also performed a max VO2 test using the Balke and Ware (1959) protocol. This 
study suggested that this step test should not be used as a submaximal test to predict max 
VO2. rather it should be used a means o f categorizing a group of individuals into fimess 
levels based on percentile norms. Table 4 shows percentile norms for recovery heart rate 
for the 3-Minute Step Test (N=300).
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Table 4
Norms for Queens College Step Test
Percentile  5-20  sec. H eart R ate , bpm
100 128
95 140
90 148
85 152
80 156
75 158
70 160
65 162
60 163
55 164
50 166
45 168
40 170
35 171
30 172
25 176
20 180
15 182
10 184
5 196
0 216
The authors also noted that this test is practical to administer to large numbers of 
individuals. The only stipulation being, that the subjects are taught how to take recovery 
heart rates. Practice should be implemented.
Canadian Home Fitness Test (CHFT, 1976)
The Canadian Home Fitness Test, now known as the Canadian Aerobic Fitness 
Test (CAFT), was designed to be used in a home setting utilizing the 2 bottom 8 inch 
(20.3 cm) steps o f their staircase. The test consisted of 3 stages (simplified here for 
illustration):
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Stage I:
•  3 minutes o f stepping
• Cadence intensity at 65 to 70 % o f a person 10 years older (See Table 5)
• PERHR taken for 10 seconds beginning 5* sec. Post exercise and ending 
with 15* sec. Post exercise
Stage II:
• 3 minutes o f stepping
•Cadence intensity at 65 to 70 % of his/her age group (See Table5)
• PERHR taken for 10 seconds beginning 5* sec. post exercise and 
ending with 15* sec. post exercise
Stage III:
•  3 minutes o f stepping
• Cadence intensity at 65 to 70 % o f a person 10 years younger (See Table 5)
• PERHR taken for 10 seconds beginning 5* sec. post exercise and ending with 15* sec. 
post exercise
The stepping frequency (cadence intensity) is based upon the age and gender of the 
participant as shown in Table 5.
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Table 5
CAFT Stepping Frequencies (Metronome setting - bpm) Based on Age and Gender
Stepping Frequency (bpm) Stepping Frequency (bpm
Age Stage M ales Females
60'$ I 66 66
a 84 84
n i 102 102
50's I 84 66
n 102 84
n i 114 102
40's I 102 84
n 114 102
n i 132 114
30's I 114 102
n 132 114
III 144 120
20's I 132 102
II 144 114
III 156 120
15-19 I 132 114
n 144 120
n i 156 132
The first stage was used as a warmup and was performed at a cadence, as described in 
Table 5, for an individual 10 years older than the subject. To illustrate, a male who was 
30 years of age would perform stage 1 of the step test at a cadence of 102 bpm, which is 
the cadence listed for a man 10 years older. This cadence intensity represented 65 -  70% 
of the average aerobic capacity anticipated for males in their 40’s. The same procedure 
was used to determine the females’ cadence intensity for stage 1. After 3 minutes of 
stepping at the appropriate cadence, the subject remained standing while a 10 second 
recovery heart rate was taken beginning with the 5* second and ending with the 15* 
second. If the individual equaled or exceeded his/her “Ceiling Post-Exercise Heart Rate” 
(PEHR), the test is terminated. However, if this ceiling PEHR was not achieved, the 
individual continued to stage H. Table 6 presents the ceiling heart rates for the end of 
stage 1.
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Table 6
Ceiling Heart Rates for the End of Stage I
Age Ceiling PEHR (10 sec. Count)
60-69 24
50-59 25
40-49 26
30-39 28
20-29 29
________________________________ 15-19_______________ 30____________________________________________
Stage n  consists of stepping for 3 minutes at a cadence specified in Table 6. For example,
a 30 year old female would step at a fi-equency o f 114 bpm. This cadence represented 65
— 70% of the average aerobic capacity for a sedentary person for her age group. At the
end of the 3 minutes, the PEHR was taken for 10 seconds while the subject remained
standing. Participants aged 60 -  69 years automatically terminated the step test at this
stage. For the other age groups, the test was terminated if their ceiling PEHR are matched
or exceeded as indicated in Table 7.
Table 7
Ceiling Heart Rates for the End of Stage II
A ge Ceiling PEHR (10 sec. Count)
60-69
50-59 23
40-49 24
30-39 25
20-29 26
________________________________ 15-19________________£7____________________________________________
For those individuals who did not meet or exceed the above criteria, the step test
continued with stage HI. The participant stepped for a final 3 minutes, at a cadence that is
listed in Table 6 for an individual 10 years younger. For example, a 50 year old female
would step at a rate o f 114 bpm, which was the cadence for a 40 year old female at stage
m . This represented 65 — 70% of the average aerobic capacity for a person 10 years
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younger. The test was terminated at this stage for the remaining age groups. From the 
results of the final stage completed. Max VO2 could be predicted by utilizing the 
following equation:
Max VO2 (ml/kg#min.) = 42.5 + (16.6 . VO2) -  (0.12 . W) -  (0.12 . H) -  (0.24. A) 
Where:
VO2 = the average cost o f the last stage completed (L/min.)
W = body weight (kg)
H = heart rate after last stage completed 
A = participant’s age 
The VO2 for the last stage completed was determined fi"om Tables 8 & 9. First, the 
starting level was determined for the individual’s age group. Although everyone started at 
stage I, not everyone was on the same level.
Table 8
Starting Levels
Starting L evel
Age _M ales Fem ales
60-69 1 1
50-59 2 1
40-49 3 2
30-39 4  3
20-29 5 3
_____________________________________ 15-19 5_________4_______________________________________
Starting with the level initially used, the VO2 is determined firom the last level completed.
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Table 9
VO2 Values at Various Levels
Level M ales Females
1 1.1391 0.9390
2 1.3466 1.0484
3 1.6250 1.3213
4 1.8255 1.4925
5 2 .0066 1.6267
6 2.3453 1.7867
7 2.7657
For example, a 35 year old male began stage I at a starting level o f 4. If he completed all 
3 stages then he would have ended the step test at level 6, which gives a VO2 o f 2.3453 
L/min. (Table 9). Once the VO2 is determined. Max VO2 can be calculated from the 
above equation. Bailey, Shepard, and, Mirwald (1976) validated the CHFT on 1544 
people o f the Saskatoon population. The men and women who participated were between 
the ages o f 15 -  69 years o f age and were tested in age matched groups of 16. Ten second 
recovery pulse rates were monitored by an EKG and taken by palpitation at the wrist by 
the subjects. This resulted in a Non-parametric Spearman rank correlation coefficient of 
.41 for stage I (1250 subjects), .46 for stage II (996 subjects), and .39 for stage IQ (198 
subjects) between EKG and manual pulse readings. The test -  retest reliability resulted in 
a correlation coefficient of .79 based on 102 subjects. The authors concluded that “ .. .this 
self-administered test intended to initiate and sustain personal interest in the development 
of cardio-respiratory fitness” was valid and reliable. (Bailey, Shepard, and, Mirwald, 
1976) However, teaching of the palpitation method at the wrist should be a priority and 
practice should be incorporated to ensure reliability of the test.
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Prediction of Max VO2 from Submaximal Testing
One of the earliest studies predicting Max VO2 from submaximal testing was that 
of Astrand and Ryhming’s (1954). They developed a nomogram is based on the linear 
relationship between both heart rate and oxygen consumption with workload. Using the 
Max VO2 predicted from their nomogram, they measured Max VO2 on the treadmill, 
cycle, and step tests. There was a 6.8% error when using the step test to predict Max 
VO2 . They concluded that submaximal testing could provide good information about the 
participant’s aerobic capacity. The “best results were obtained when the test work was of 
such a severity that the heart rate during steady state attained a level somewhere between 
125 and 170.” Most individuals are assumed to have a linear relationship between heart 
rate and workload when the heart rate is between 110 -  170 bpm. There have been a 
variety o f attempts at using a step test to predict aerobic capacity based on Astrand and 
Rhyming’s findings.
Nagle, Balke, Bruno, and Naughton (1965) developed an equation that 
determined the oxygen cost of stepping at various rates and bench heights. This 
calculation was developed by examining the downward (negative) and upward (positive) 
components of stepping individually. The following is the equation that the authors 
determined:
Total VO2 = Standing VO2 + 1.33(HorizontaI VO2) + 2.4(Vertical ascent)
This equation allows an individual to determine their oxygen consumption at a particular 
workload assuming that resting metabolism is 3.5 ml/kg#min. for everyone.
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Margaria, Aghemo, and Rovelli (1965) developed a series o f equations that 
determines VO2 max from 2 submaximal heart rates when predicted max and 2 working 
VO2 s are known. The following equation was developed:
VO2 Max = (V"02 - V O 2) + /"V O 2 - f V ’O z/r  - f
Where:
/max = Predicted Max Heart Rate 
f  = Submaximal Heart Rate 
/"  = Submaximal Heart Rate 
V O 2 = Submaximal Oxygen Consumption 
V"02 = Submaximal Oxygen Consumption 
From this equation, a nomogram utilizing a step test was developed that gave a predicted 
value for Max VO2 when 2 heart rates at different workloads were known. The step test 
required the subjects to step on a 40 cm bench at a rate of 25 and 15 times/minute. The 
authors suggest a 30 cm bench for older people and children. The author’s suggest that 
“The agreement of the two sets o f data is, in our opinion, acceptable for practical work, 
the difference between the determined and the calculated data, in spite of the wide 
dissimilarity of the subjects, being only +1.083 ± 5.75%.” (Margaria, Aghemo, and 
Rovelli, 1965)
Kasch, Phillips, Ross, Carter, and Boyer (1966) compared Max VO2 values 
obtained from a treadmill run to the Max VO2  values obtained from the Kasch Step Test. 
Their study involved 12 subjects aged 7 to 57 years. Two of the 12 subjects were females 
ages 7 and 42. Two days prior to any testing, the subject was required to practice, at 
submaximal levels, all of the aspects o f  the full test. On the day of the test, a 5 to 7
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minute warmup was performed to raise the heart rate between 150 to 180 bpm depending 
on the age o f the participant followed by a 10 minute rest period. This warmup was 
performed prior to the step test and the treadmill test. Max VO2 values were obtained 
from the step test at a starting rate of 24 steps/minute on a 12 inch bench. The stepping 
rate increased 3 to 6 steps every minute until maximal exertion was reached. The step test 
was performed bare foot and an EKG monitored heart rates. Max VO2 values for the 
treadmill run were obtained using Robinson’s (1938) protocol. This study resulted in a 
.95 correlation between the Max VO2 values obtained during stepping and Max VO2 
values obtained during the treadmill run. The author’s suggest that “The Kasch Step Test 
is a useful procedure for obtaining estimates of maximal oxygen uptake.”
Siconolfî, Garber, Lasater, and Careleton (1985) administered a step test to 48 
men and women, aged 19 to 70. The subjects performed the step test on a 10 inch bench 
at increasing stepping rates.
Stage 1 -1 7  steps/minute for 3 minutes 
1-minute of rest
Stage n  -  26 steps/minute for 3 minutes 
1-minute of rest
Stage m  -  34 steps/minute for 3 minutes 
“Heart rates were taken during the last 30 seconds of the 3"̂  min. o f each stage of 
stepping, heart rates were recorded at 2:30,2:45, and 3:00 minutes. If  the average of 
these 3 heart rates did not equal or exceed 65% of the age predicted maximum (estimated 
as 220 -  Age in years), then the subject was instructed to complete the next stage.”
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(Siconolfî, Garber, Lasater, and Careleton, 1985) Oxygen consumption during the last 
stage completed was estimated by the following equations:
Stage I - VO2 (L/min.) = (16.287)(Weight in Kg)/1000 
Stage n  - VO2 (L/min.) = (24.910)(Weight in Kg)/1000 
Stage i n  - VO2 (L/min.) = (33.533)(Weight in Kg)/1000 
The estimated value of VO2 during the last stage completed was used to estimate Max 
VO2 from the Astrand-Rhyming Nomogram (1954). Siconolfî, Garber, Lasater, and 
Careleton (1985) used their version of an age correction factor on the predicted Max VO2 
values.
For Females: Corrected Max VO2 (L/min.) = 0.302(Predicted Max VO2) -  
0.019(age)+ 1.593
For Males: Corrected Max VO2 (L/min.) = 0.348(Predicted Max VO2) -  
0.035(age) + 3.011
Maximum oxygen uptake values were obtained from a cycle ergometer testing protocol. 
Predicted Max VO2 from the step test was compared with peak Max VO2 values from the 
cycle ergometer test and resulted in a 12% overestimation of actual Max VO2 values.
Effects of Stature on Stepping 
The principle that the lower the exercise heart rate and the faster the recovery 
heart rate, the higher the person’s fitness level is the foundation on which most step tests 
are based. For example, after a standardized step test a post exercise recovery heart rate 
(PERHR) of 105 beats represents a higher physical fitness level than a PERHR of 120 
beats. However, an influencing factor in all step tests is that the height o f  the bench is 
kept constant regardless of the individual’s stature The standard stepping height does not
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take into account the biomechanics involved in the efficiency of different standing 
heights and leg lengths. For example, because of biomechanical efficiency, an individual 
60 inches tall with a Maximum VO2 o f 40ml/kg compared to another individual 80 inches 
tall with a Maximum VO2 o f 30ml/kg, might suggest that the second individual is more 
physically fit. In this example, since the mechanical efficiencies are different their 
workloads are probably not equal, even though the work formula is Distance X Speed X 
Resistance (DxSxR). In the case o f the step test, this translates to Height of the step X 
Body Weight X Steps/min. If  the body weight was the same, then individuals with the 
same leg length would be both doing the same amount of woik. As in most cardio­
respiratory tests, results are based on the linear relationship between heart rate and 
workload. Therefore, it can be assumed that if one individual is doing more work, then 
the heart rate during the exercise will be higher. This elevated heart rate will be reflected 
in the 1-minute post-exercise recovery heart rate. Comparing the results of individuals 
with varying leg lengths (stature) using heart rate might introduce an error in the 
assessment of their tme level o f cardio-respiratory fitness.
In a study by Culpepper and Francis, (1987) an equation was developed to 
compensate for biomechanical differences resulting fi-om different standing heights. The 
equation determined the height of the bench that persons with different standing heights 
should use. “The height that the foot will rise when the hip is flexed can be determined 
fi-om the geometric relationships illustrated in Figure 1.”
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F ig u re  l iG e o m e tr ic  R e la tio n sh ip s
“As the hip is flexed with stepping, it forms an angle 0 with respect to the vertical. The 
foot travels the same arc as the knee during hip flexion. Therefore, the distance the foot 
rises (Hf) is equal to the height the knee rises (Hk). A right angle is formed with the upper 
leg or femur producing the hypotenuse (h) with sides I, and h. Side 1% is the height the 
knee rises (Hk). The length of the femur (h) is equal to Hk plus li. The angle 0 is formed 
between h and Ij. Thus, the length of 1% is equal to h times the cosine o f 0. Additionally, 
both Hk and Hf are equal to h minus 1%. Since li is equal to h times the cosine of 0, we can 
substitute this for h in finding Hf.” (Culpepper and Francis, 1987). Using these geometric 
relationships and a series of substitutions Culpepper and Francis developed the following 
equation for step height determination:
H f= (h )(l - cos 0)
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Where:
Hf = step height in cm 
h= length o f  the femur in cm 
0 = angle hip is flexed at
Figure 2: Equation V ariables
In order to calculate the bench height, the 2 variables, length of the femur and hip 
angle must be calculated. Anderson and Green (1948) analyzed the length o f the femur 
and the length of the tibia in children through the maturation process. By using 
roentgenograms (X-rays) to examine the lengths of the tibia and femur they established a 
relationship between those bone lengths and stature. Anderson and Green’s relationship 
suggests that the femur length is a function of standing height and is .2626 times stature 
(in cm.) for adult females and .2672 times stature (in cm.) for adult males. Thus, 
multiplying the height (in cm.) of an individual by either .2626 for adult females or .2672 
for adult males gives the length of the femur in cm. Substituting these values into the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31
equation, Hf = (h) (1 -  cos 0“), gives Hf = (.2626)(I h )(1- cos 0) for females and Hf = 
(.2672)(I h )(1- cos 0) for males where I h = stature.
The second variable needed to calculate the step height is that of the angle at 
which the hip is flexed. The authors performed a meta-analysis on various step test 
studies where the step heights, mean statures, and Max VO2 values were reported. By 
using the equations Hf = (.2626)(I h )(1- cos 0) for females and Hf = (.2672)(I n )(1- cos 0) 
for males, hip angles when stepping were determined. “Hip angles of 90° or greater were 
considered the maximum limit, whereas 65° was considered the lower limit. The 
difference between this range of hip angles was evenly divided into 4 quartiles of 65°, 
73.3°, 81.7°, and 90°.” (Shapiro, Shapiro, and Magazanik 1976) The authors concluded 
that there was a greater correlation between aerobic capacity and PERHR when the hip 
was flexed at angles closer to 73.3° in comparison to the other angles studied when 
performing step tests. Substituting this optimal angle of 73.3° for 0 into the equation Hf = 
(.2626)(1 h)(l- cos 0) for females and Hf = (.2672)(I h)(l- cos 0) for males gives Hf = 
(.189)(I h ) for females and Hf = (.192)(I h ) for males where Ih = stature. From these latter 
equations the bench height can be calculated by multiplying the individual’s stature by 
their respective constants, .189 for females and .192 for males. Culpepper and Francis 
(1987) validated the relationship between the angle o f hip flexion and the step height that 
the equations Hf = (. 189)(I h ) for females and Hf = (. 192)(I h ) for males are based upon. 
The purpose of their study was to determine if  the height o f the foot when stepped on a 
bench is related to the angle that the hip forms from performing this movement. “Using a 
goniometer, the various hip angles were measured among 47 females and 53 males (aged
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19-35). Observations were made of measured foot height with the corresponding hip 
angle.” There were 182 observations for females and 208 observations for males 
investigating this relationship. These observations resulted in a Pearson product-moment 
correlation of .93 for females and .986 for males. From these investigations, Culpepper 
and Francis concluded that the equation Hf = (. 189)(I h ) for females and Hf = (. 192)(I h ) 
for males was valid in accurately predicting the bench height from stature and hip angle. 
Therefore this model could be used to normalize the anatomical differences of stepping 
on a fixed bench height.
Culpepper and Francis (1988) continued their research with the height-adjusted 
bench by validating the equation Hf=(.189)(I h ) for females. Their study involved thirty 
female students between the ages of 19 and 35 years of age. The subjects stepped for 3 
minutes at a rate of 30 steps/minute. Their recovery heart rate was taken after the 3 
minutes of stepping, within 5 seconds post exercise, for 15 seconds while the subject was 
standing. Heart rate was measured by an EKG and by the subject by means of palpitation 
at the carotid artery. This was used to determine if there was a difference between 
manually calculating heart rate and using an EKG. Culpepper and Francis found no 
significant difference between using the 2 methods of calculating heart rate. Maximum 
oxygen uptake was determined by open circuit spirometry using the Bruce treadmill test 
protocol. The step test and the treadmill test were re-administered to 10 of the subjects 
within a week to determine the test-retest reliability o f the scores for PERHR and Max 
VO2 . Pearson’s product-moment correlation coefficient for test-retest reliability resulted 
in a .91 for the treadmill test and a .89 for the PERHR by EKG. This study resulted in a 
correlation coefficient of .70 between post-exercise recovery heart rates and measured
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maximal oxygen consumption. Culpepper and Francis concluded that “ ....the predictive 
information derived from a height adjusted step test are reliable and valid.”
In another study, Francis and Culpepper (1989) examined the effects o f various 
stepping frequencies on PERHR and its relation to Max VO2 . Seventeen females aged 19 
to 33 stepped on a height specific bench as described by Francis and Culpepper. They 
stepped at 3 different frequencies: 22,26, and 30 step/minute. On the first day o f testing, 
the subjects performed one o f the randomly selected stepping frequencies followed by a 
Max VO2 test using the Bruce treadmill test. They completed the remaining 2 tests 24 to 
48 hours after the initial testing. The examiners allowed the heart rate to reach pre­
exercise levels between tests. The recovery heart rates were taken while the subject was 
standing for 15 seconds beginning with the 5* second and ending with the 20* second 
after 3 minutes of stepping. Both the step tests and the Bruce treadmill test resulted in a 
test-retest reliability coefficients of .89 and .91. The Pearson product-moment correlation 
resulted in coefficients of:
.74 for 22 steps/minute 
.8 for 26 steps/minute 
.77 for 30 steps/minute 
The recovery heart rates at various stepping frequencies resulted in the above coefficients 
when correlated to Max VO2 values from the Bruce treadmill test. Francis and Culpepper 
used regression statistics to determine prediction equations for Max VO2 at the various 
stepping frequencies for this population. The authors suggest that fiom a “clinical 
perspective there is little practical difference among the three stepping frequencies. 
Therefore the clinician might consider using the slower stepping rate with elderly patients
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or persons of low exercise tolerance and the faster stepping rate with subjects having 
greater exercise tolerance.” Francis and Culpepper conclude that their single stage step 
test is an effective alternative for the prediction of Max VO2 .
In a another study, Francis and Brasher (1992), tested 43 males between the ages 
of 18 and 47 years using the Francis and Culpepper equation Hf = (.192)(I h ) with 3 
different step tests. Thirty-three o f the participants were used in the initial testing group 
and 10 were used to cross-validate the regression equation developed for stepping at 26 
ascents/min. Each of the 33 participants stepped at frequencies o f22, 26, and 30 
steps/minute for 3 minutes. Following the 3 minutes of stepping, a recovery heart rate 
was taken for 15 seconds beginning 5 seconds post exercise while the subject remained 
standing. Maximum oxygen uptake was determined by open circuit spirometry using the 
Bruce treadmill test. Pearson’s product-moment correlation coefficient resulted in .81 for 
30 steps/min., .81 for 26 steps/min., and .72 for 22 steps/min between PERHR and Max 
VO2. The cross-validation between observed VO2 max and predicted VO2 max in the 
cross-validation group resulted in a correlation coefiBcient of .98 (The stepping rate o f 26 
ascents/min. was used as the cross-validation because of its highest correlation). They 
concluded that, “the height-adjustable step test is a valid measure o f cardio-respiratory 
fitness that can be applied to broad populations o f individuals o f varying stature and 
fimess levels.” They suggest that since all three stepping frequencies demonstrated 
relatively high correlations that the faster stepping rates be used with fit and young 
individuals and the slower stepping rates be used with elderly and less physically fit 
individuals.
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Effects of Age on Stepping 
Irma Astrand (1960) investigated the effects o f age on physical working capacity 
in men and women. She reported that aerobic work capacity decreases about 17 % (2.23 
to 1.85 l/min.) in women from 25 to 55 years of age and 26% (3.01 to 2.23 l/min.) in men 
from 35 to 63 years o f age. The maximal heart rate and exercising heart rate also decrease 
significantly with age, as does mechanical efficiency (30 - 40%). She developed the age 
correction factors listed in Table 10 to more accurately predict Max VO2 from 
submaximal testing.
Table 10
Age Correction Factors
M ales F em a les
Age C o rrec tio n A ge C orrection
20 1.06 20 1.00
30 0.93 30 0.90
40 0 .82 40 0.82
50 0 .74 50 0.75
60 0 .67 60 0.69
70 0.61 70 0.64
By multiplying the predicted value for Max VO2 by the appropriate age correction factor 
improves the prediction.
Effects of Body Weight on Stepping 
Cureton, in a book edited by Marriott and Grumstrup-Scott (1992), reviewed 3 
articles involving the effects of altered body composition on physical performance. The 
first article reviewed by Cureton was published by Cureton, Sparling, Evans, Johnson, 
Kong, and Purvis (1978). Their article investigated the effects of altered body weight on 
aerobic capacity and 12 - minute run performance. The authors studied 6 recreational
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runners aged 20 to 30 years old with average Max VOz's of 55.3 ml/Kg«min. Hydrostatic 
weighing was used to determine body density, which revealed the 6 subjects to be an 
average of 13.15% fat. The subject’s weight was altered using a weight belt and shoulder 
harness. Each of the subjects performed a maximal, graded, treadmill test under 4 
different altered weight conditions: no weight added, 5%, 10%, and 15% of body weight 
added. The most significant changes as a result of the excess body weight added occurred 
during submaximal running at 7 mph, which increased ventilation (Ve), O2  uptake 
(L/min.) and heart rate. However, the oxygen uptake expressed in terms o f the total 
(gross) weight (ml/min. X Kg of total weight) carried slightly decreased during 
submaximal conditions at 7 mph.“During maximal running, addition of excess weight did 
not significantly affect ventilation, oxygen uptake in liters/minute, or heart rate but 
systematically decreased VOzmax. treadmill run time, and 12-minute run performance. 
Under the 15% altered weight condition, these 3 measures were reduced 6.9 
ml/kg/minute (12%), 1.5 minutes (10%) and 277 meters (8%), respectively, compared to 
the normal weight condition.” (Marriott and Grumstrup-Scott, 1992) Cureton, Sparling, 
Evans, Johnson, Kong, and Purvis (1978) concluded that excess body weight 
significantly affects the running performance in terms o f distance and Max VO2 . The 
authors offer 2 metabolic explanations on the effects o f excess body weight. One is that 
“The excess “fat” weight increases the energy requirement of submaximal exercise 
without affecting the absoluteVOzmax and that excess “fat” weight reduces the VOzmax 
expressed relative to weight without affecting the oxygen requirement of submaximal 
running per unit weight.” (Marriott and Grumstrup-Scott, 1992) This suggests that excess 
body weight either reduces a subject’s Max VO2 or increases the VO2 at a particular
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workload without affecting Max VO2 . In either case, physical performance is hindered by 
excess body weight.
The second article Cureton reviewed was published by Cureton and Sparling 
(1980), which investigated the effects o f gender differences in terms o f  % body fat on a 
12 - minute run performance and metabolic responses during running. This study 
involved 10 male and 10 female recreational runners with an average age of 26.4 ± 4.9 
(%fat o f 11.4 ± 2.3) for males and an average age o f 25.8 ± 4.6 (%fat o f  18.9 ± 4.0) for 
females. The subjects were matched for running mileage, competitive experience and 
similar cardio-respiratory fitness levels. The subjects were examined using a maximal, 
graded treadmill test and a 12 - minute run. The women performed these tests once under 
normal body weight and the men performed the tests twice under normal body weight 
and an altered condition. Each man in the study was paired with a woman and the altered 
weight was determined by how much more %fat the woman was over the man. To 
illustrate, if a man weighed 1651bs. at 10% fat and a woman weighed 1651bs. at 20% fat, 
an excess weight of 16.51bs was added to the man in the altered condition. This was to 
ensure that both the man and the woman were carrying the same amount of body fat. 
Under the normal conditions, this study resulted in higher ventilation (Ve) and O2 uptake 
(ml/Kg body weight X min.) values for males over the females. However, the females 
demonstrated higher heart rates and O2 uptake (ml/Kg body weight X min.) values. The 
higher VO2 values shown by the males suggests that the women had poorer running 
efficiency than the men did. During maximal ruruiing the mean Max VO2 (L/min. and 
ml/kg«min.) values were significantly higher in the men (mean gender difference of 6 
ml/kg«min.). Max VO2 (ml/kg of fat fi-ee weight X min.) values were not significantly
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different between males and females (mean gender difference o f 1.9 ml/ kg FFW*min.) 
Men demonstrated treadmill run times that were 4 minutes (34%) longer, and 12-minute 
run distances which were 568 m (20%) longer than women. Under the altered conditions, 
the men’s VO2 values at submaximal speeds, expressed in L/min. or ml/Kg FFW«min., 
were significantly increased. The VO2 increased by an average of 2.4 ml/Kg FFW*min., 
which reduced the gender differences for this variable under normal conditions by 32%. 
The VO2 expressed as ml/Kg gross weighfmin. decreased slightly. As compared to the 
normal conditions, the mean gender difference in Max VO2 values obtained during the 
altered condition was reduced by 65% (average o f 3.9 ml) expressed relative to total body 
weight. Cureton and Sparling reported that there were no significant differences in 
maximum oxygen uptake values in ml/Kg FFW«min. or in L/min. between men and 
women when excess weight was added. The altered weight condition reduced treadmill 
run times and 12-minute run distances by 1.2 minutes (32%) and 173 m (30%) for males 
resulting in decreased gender differences. This article suggests that excess body weight in 
terms of fat weight effects Max VO2 in one o f 2 possible ways. Max VO2 may be reduced 
while submaximal VO2 values may remain the same for a given workload due to fat 
weight. This suggests that the oxygen requirement for a particular workload does not 
change but Max VO2 will be reached sooner. The other explanation given is that Max 
VO2 will not be altered but submaximal VO2 values will increase for a particular 
workload due to fat weight. This suggests that the energy requirement at a given 
workload is increased, therefore Max VO2 will be reached at a lower speed of running. 
The pace that can be maintained for a given duration is decreased in both explanations of
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how body fat effects running performance. Cureton and Sparling conclude that gender 
differences in Max VO2 and distance running performance can be attributed to body fat.
The third study reviewed by Cureton was published by Johnson (1978), who 
investigated the relationship between body fat and physical performance in women 
athletes. Four physical performance tests consisting o f a 50-yard dash, agility run, 
modified pull-up, and standing long jump were administered to 44 women varsity 
athletes. The author reported a significant negative correlation ranging firom .4 to .6 % 
between % body fat and each of the physical performance tests. The performance tests 
were re-administered to 6 of the women under altered weight conditions (5%, 10%, and 
15% of body weight). This resulted in a systematic and consistent decrease in physical 
performance on each of the tests administered with increasing excess weight. The author 
concluded that the relationship between increased % body fat and physical performance 
is a cause and effect relationship where an increase in body weight results in decreased 
physical performance.
These 3 articles on the effects o f body weight on physical performance can be 
used to infer on how body weight effects stepping performance. The mechanical 
efficiency of stepping is probably reduced so that there is an increase in the metabolic 
cost o f lifting the excess body fat through the height of the step. This would result in an 
increased heart rate during the 3 minutes of stepping and therefore would result in an 
elevated PERHR. Comparing 2 individuals with the same Max VO2 but different body 
compositions would most likely result in the fatter person appearing less fit as indicated 
by the step test. Therefore using a PERHR to predict Max VO2 may underestimate the 
fatter individual’s Max VO2 .
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Summary
The Harvard Fatigue Laboratory was the first exercise physiology laboratory in 
the U.S. and is where the Haravrd Step Test (HST) was developed. The HST resulted in 
many other tests to develop such as the Pulse-Ratio Step Test, OSU Step Test, Kasch 
Step Test, Queens College Step Test, F-EMU Step Test, GAFT, etc. All these step tests 
vary in terms of the stepping frequency, height of the bench, and time intervals, however 
they all attempt to assess cardio-respiratory fitness. In 1970, the YMCA 3-Minute Step 
Test was introduced and is used by hundreds of YMCAs as part of their physical fitness 
testing program. Administering a standard step test, such as the YMCA’s, to everyone 
may result in inaccuracies. The standard step height does not take into account the 
biomechanics involved in the efficiency of different standing heights and leg lengths. 
Culpepper and Francis investigated the effects of stature on stepping results and 
developed an equation that gives the height of the bench with the respect to an 
individual’s height. The author’s tested their equation and concluded that using the 
individualized bench gave a significant correlation between the post exercise recovery 
heart rate and Max VO2 .
The YMCA 3-Minute Step Test uses a 1-minute post exercise recovery heart rate 
as the score. Santo (1997), in a pilot study, demonstrated a correlation o f  .59 between 
PERHR from the YMCA Step Test and Max VO2 values from a treadmill run using open 
circuit spirometry. Predicting Max VO2 from submaximal testing such as the YMCA 
Step Test has been investigated and involves many variables. Watkins (1984) suggests 
that using a recovery heart rate within the first 20 seconds o f exercise yields the greatest 
reliability when predicting Max VO2 . If  this is true then perhaps modifying the YMCA
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Step Test so that a recovery heart rate of 15 seconds was used would be more appropriate 
for predicting Max VO2 . Age typically results in a decrease in physical working capacity 
(Max VO2) and represents another variable in predicting Max VO2 from PERHR. Irma 
Astrand (I960) developed a  correction factor for age to reduce the effects o f aging on 
predicting Max VO2 values from submaximal testing. Perhaps this correction factor 
would improve the prediction o f Max VO2 from the YMCA Step Test’s PERHR. Cureton 
(Mariott, Bernadette M. Gumstrup-Scott, Judith, 1992) examined the effects o f 
experimental manipulation o f  excess weight on aerobic capacity and distance miming 
performance. The author concluded that excess fat weight resulted in an individual 
running at a higher percentage o f their VO2 max. For example, if  2 individuals with the 
same Max VO2 but different body compositions, one is 30% fat and the other is 10% fat, 
perform the modified YMCA Step Test, the 30% fat individual will have a higher 
exercise heart rate than the 10% fat person. Therefore, the 10% fat individual will recover 
faster because his or her heart rate was lower during the exercise making that person 
appear fitter. The extra weight, body fat, causes additional stress to the cardio-respiratory 
system that results in a higher exercise heart rate.
Prediction of Max VO 2 would be extremely advantageous to health professionals 
who use the YMCA 3-Minute Step Test as an assessment of an individual’s cardio­
respiratory fitness. This would enable the health professional to use the scores from the 
Step Test as a comparison to others and to predict individual levels of cardio-respiratory 
fitness by Max VO2 in one testing session. This would eliminate the need for expensive 
and non-mobile heavy laboratory equipment when testing a large population for Max 
VO2 . The Step Test can also be administered in a short period o f time as opposed to
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actually performing a max test. Finally, the greatest advantage the test offers is that it 
allows the test to be administered to any age group with minimal danger to the subject.
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CHAPTER 3 
METHODS 
Subjects
This study involved 60 apparently healthy participants (33 males, 27 females) 
between the ages o f 18 and 55 years. See Table 11 and Appendix m  for physical 
characteristics o f subjects. Prior to any testing, the participants filled out a Physical 
Activity Readiness Questionnaire (PAR -  Q). The participants signed an informed 
consent form. On the day subjects were tested they were instructed to eat a proper meal, 
to get a good night’s sleep and refi’ain fi'om any exercise.
Table 1 1
Phvsical Characteristics of Subiects
Age Height ( ins.) Weight (lbs.) %Body Fat 
Males 26 70 175 15
Females 23 65 141 24
All Subjects 24 68 160 19
Statistical Design
This study used the Pearson product-moment correlation coefficient to determine
the relationship between the post-exercise recovery heart rates firom the modified 3-
minute step test and maximum oxygen consumption. Two correlations were performed
on the data. A correlation between the 1-minute recovery heart rate and Max VO2 was
43
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performed and a correlation between the 15 second recovery heart rate and Max VO2 was 
performed. These correlatons were performed to determine which method of recovery 
heart rate yielded the highest correlation with Max VO2 .
Testing Modalities
YMCA’s 3-Minute Step Test
The YMCA’s 3-minute step test uses a standardized procedure. The subject steps 
on a 12 inch bench for 3 minutes at a rate of 24 steps/min controlled by an electric 
metronome. At the end of the 3 minutes the subject sits on the stepping bench and within 
5 seconds a 1 minute PERHR is taken with a stethoscope. In the present study the 12 inch 
high bench was substituted by a bench, whose height was adjusted based on stature. The 
equation used was Hf = (.189)(I h ) for females and Hf = (.192)(I h ) for males (See 
Chapter 2 and Appendix II). An EKG was used to record the post-exercise recovery heart 
rates.
Maximum Oxygen Uptake
Maximum VO^ was determined by open circuit spirometry using the Vista
System (VacuMed -  Gas Handler model #17520 -  Gas Analyzer model #17500) and a 
Quinton motor-driven treadmill (Model # 24-72). The participants ran at a self-selected 
speed which was determined to be comfortable yet stressed their cardio-respiratory 
system. The speed was determined during the warm up period. Once the speed was 
established treadmill grade was adjusted to increase the workloads. Each stage was 2 
minutes in length and the number of stages depended upon how quickly the participant 
reached Max VO2 Heart Rates were monitored using a Polar Vantage XL heart rate
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monitor which transmits the heart rate from chest electrodes to a receiver in a wrist 
watch. The test was terminated when the VO^ peaked or when the subject signaled to
stop. The latter was most common. The predicted Max VO2 scores were multiplied by 
Astrand’s (1960) age correction factor.
Table 10
Age Correction Factors
M ales Females
A ge Correction Age Correction
20 1.06 20 1.00
30 0.93 30 0.90
40 0.82 40 0.82
50 0.74 50 0.75
60 0.67 60 0.69
70 0.61 70 0.64
PROCEDURES
The subjects were only required to come into the laboratory on one occasion. 
After the subjects arrived at the testing session they completed a Physical Activity 
Readiness Questionnaire (PAR-Q) and an informed consent form. Testing was done in 
the afternoon. The Testing environment was between 21.9°C and 29.6°C. The 
participants wore comfortable clothing (t-shirts, shorts, halter-tops). Height was taken 
with an anthropometer attached to the wall to the nearest mm. Height was taken without 
shoes, feet together, standing as tall as possible with eyes forward. Weight was then taken 
on a Toledo Scale load cell platform to the nearest gram. The Jackson and Pollock (1985) 
equations for skinfold measurements were used to assess body composition. Skinfolds 
were taken at the abdomen, suprailliac, triceps, and thigh and %fat was determined with 
Jackson and Pollock’s (1985) sum of 4 equation (%fat = .29288 (sum of 4 skinfolds) -
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.0005 (sum of 4 skinfolds)^ + .15845 (age) -  5.76377 for males and %fat = .29669 (sum 
of 4 skinfolds) - .00043 (sum o f 4 skinfolds)^ + .02963 (age) + 1.4072). Percent body fat 
was used as a means of describing the participants involved in this particular study (See 
Table 1). The exercise testing began with a modified YMCA Step Test (The YMCA 
protocol except for bench height). The testing procedures were explained to the subjects. 
A demonstration o f the proper stepping technique (up, up, down, down) was given as was 
the ending procedure: turning around and sitting down on the bench. During the 1-minute 
post-exercise recovery heart rate, they were told to sit quietly without talking. The 
subjects were given 1 0  to 15 seconds of practice to adjust to the rhythm o f the metronome 
(24 steps/minute or a metronome setting of 96 beats/minute). Once the subjects got the 
rhythm they started stepping and the clock was started. The subjects stepped on an 
individualized bench (See Chapter 2 and Appendix H). At 2 '/S minutes the subjects were 
reminded that the metronome would be turned off and the tester will count the rhythm for 
the last 30 seconds. With 4 seconds left, the tester said last step “up, up, down, down”. 
The subject immediately turned around and sat down on the bench. Within 5 seconds the 
EKG (Hewlett Packard) was turned on and the post exercise recovery heart rate was 
taken for 1-minute. A printout o f the EKG was used to count the number o f beats (QRS 
complexes) for the 15 second recovery heart rate beginning  with the 5*** second and 
ending with the 20'*’ second. After about 5 - 1 0  minutes of rest the Max VO^ test was
explained. The headpiece and supported mouthpiece was fitted to the subject’s head and 
the Polar heart rate monitor was strapped to the chest. They were instructed on the use of 
hand signals to identify how they felt during the run.
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Thumbs up = I’m fine
Shaking o f the hand = I’m ok but I feel stressed, check again soon
Thumbs down = Stop the test 
The original Borg (1983) scale of Ratings of Perceived Exertion (RPE) was used to 
measure the intensity of the workload every 2 minutes. The scale was printed on a 1 foot 
by 1 % foot card. The subjects were instructed to point to the level of exertion they felt 
they were working at during the run when asked by the tester. The test began with the 
subjects placing their feet on either side of the belt until the belt was started and then they 
began walking on the belt. The participants ran at a self-selected speed (in mph) which 
was determined to be comfortable yet stressed their cardio-respiratory system. The first 2 
minutes (Stage 1) of the test was a warm-up period at 3 mph, 0% grade. Minutes 3 and 4 
(Stage 2) were used to establish the subject’s self-selected speed by asking them if they 
felt comfortable at that particular speed but still felt their cadio-respiratory system was 
being stressed. The speed was adjusted to accommodate the above criteria grade and 
treadmill grade was used to increase the workloads at each particular stage. Each stage 
was 2  minutes in length and the number of stages depended upon how quickly the 
participant reached Max VO2 . The test was terminated when the VO^ peaked or when the
subject signaled to stop. The latter was most common. The Microsoft Excel Spreadsheet 
with the Statistical Data Analysis package was used in all of the statistical calculations. 
Pearson’s product-moment correlation and linear regression statistics were used to 
analyze the relationship between post-exercise recovery heart rate (15-second & I-minute 
counts) using a height specific bench and maximum oxygen uptake. The predicted Max 
VO2 scores were multiphed by Astrand’s (1960) age correction factor.
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CHAPTER 4 
RESULTS & DISCUSSION
The Microsoft Excel Spreadsheet with the Statistical Data Analysis package was 
used in all of the statistical calculations. Pearson’s product-moment correlation and linear 
regression statistics were used to analyze the relationship between post-exercise recovery 
heart rate (15-second & 1 -minute counts) using a height specific bench and maximum 
oxygen uptake. The null hypothesis was that there is no significant relationship between 
Max VO2 and PERHR fi'om a height specific bench (p = 0) and the alternate hypothesis 
was that there is a significant relationship between Max VO2 and PERHR firom a height 
specific bench (p?K)). Post exercise recovery heart rate (15-second & 1-minute counts) 
and maximum oxygen uptake data firom the present study is presented below in Table 12 
(See Appendices IV & V for raw data).
48
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Table 12
Max VO; and PERHR Data fN=601
P a r t ic ip a n t 1-m lu. PE R H R  IS-Sec. P E R H R  M ax V 0 2 (m l/k8*m le .)
l(M ale) 94 30 62.93
2 (Fem ale) 84 21 48.53
3 (Fem ale) 133 38 33.32
4 (M ale) 85 29 61.56
5 (Fem ale) 80 21 42.05
6 (M ale) 108 26 40.17
7 (M ale) 84 29 51.64
8 (M ale) 90 28 56.04
9 (M ale) 83 26 62.84
10 (Fem ale) 80 25 54.38
11 (Fem ale) 72 22 64.07
12 (Fem ale) 133 38 45.47
13 (M ale) 82 26 50.48
14 (Fem ale) 106 32 44.78
15 (M ale) 113 36 47.13
16 (M ale) 83 24 60.28
17 (Fem ale) 130 38 31.93
18 (Fem ale) 121 36 40.96
19 (Fem ale) 100 31 48.12
20 (M ale) 104 31 47.58
21 (M ale) 90 28 42.41
22 (M ale) 138 41 52.64
23 (Fem ale) 120 35 37.49
24 (Fem ale) 112 32 42.19
25 (M ale) 85 27 58.71
26 (M ale) 91 29 62.24
27 (Fem ale) 105 34 37.72
28 (M ale) 92 28 61.29
29 (Fem ale) 74 25 49.33
30 (Fem ale) 100 32 48.92
31 (M ale) 100 30 49.76
32 (Fem ale) 75 22 48.18
33 (Fem ale) 146 41 38.42
34 (Fem ale) 74 24 50.39
35 (M ale) 92 27 56.47
36 (Fem ale) 72 21 55.36
37 (Fem ale) 93 29 28.61
38 (M ale) 75 23 49.76
39 (M ale) 87 27 47.83
40 (M ale) 99 29 40.38
41 (Fem ale) 106 37 31.00
42 (M ale) 105 31 53.36
43 (Fem ale) 106 35 34.55
44 (M ale) 110 32 40.46
45 (M ale) 144 40 42.21
46 (Fem ale) 118 37 52.34
47 (M ale) 92 28 46.81
48 (Fem ale) 147 42 31.90
49 (Fem ale) 87 27 50.56
50 (Fem ale) 158 43 37.06
51 (M ale) 107 32 46.88
52 (M ale) 81 28 62.31
53 (M ale) 131 37 49.88
54 (M ale) 96 29 66.46
55 (M ale) 73 25 68.03
56 (M ale) 119 34 46.77
57 (M ale) 106 30 48.06
58 (Fem ale) 88 31 45.13
59 (M ale) 94 27 47.13
60 (M ale) 71 22 69.75
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Figure 3 shows the relationship between the 15-second post exercise recovery heart rate 
and maximum oxygen uptake. The line represents the prediction equation for this data 
set. This prediction equation, y = -.9329x + 76.986, gives a predicted max VO2 when a 
15-second post exercise recovery heart rate is substituted for “x”.
Maximum Oxygen Uptake Vs. 15-sec. Post Exercise Recovery Heart Rate
75 ■
70 - «
y = -0.9329x-f 76.986
60 -
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50 -
a 45 -
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♦ ♦
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Figure 3
Max VO7 Vs. 15-sec. Post Exercise Recoverv Heart Rate fN=60)
Figure 4 shows the relationship between the 1-minute post exercise recovery heart rate 
and maximum oxygen uptake. The line represents the prediction equation for this data 
set. This prediction equation, y = -.2644x + 75.261, gives a predicted max VO2 when a 
post exercise recovery heart rate is substituted for “x”.
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Maximum Oxygen Uptake Vs. 1-min Post Exercise Recovery Heart Rate
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Figure 4
Max VO2 Vs. 1-min. Post Exercise Recoverv Heart Rate fN=601
Pearson’s product-moment correlation coefficient resulted in a statistically significant r 
(60) = -.5428 at r^^^^ = .2108 (p = .0001, p < .05) for the 15-second PERHR and r (60) =
-.5796 at r . , = .2108 (p = .0001, p < .05) for the 1-minute PERHR. Table 13 shows
cnncal '
prediction values for Max VO^ when each of the participants’ 15-second PERHR values
were substituted for “x” within the prediction equation from Figure 3. The “residuals” 
column shows the variability between the predicted Max VO^ values and actual Max VO^
values. Table 14 shows prediction values for Max VO^ when each o f the participants’ 1 -
minute PERHR values were substituted for “x” within the prediction equation from
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Figure 4. The “residuals” column shows the variability between the predicted Max VO^ 
values and actual Max VO^ values.
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Table 13
Actual. Predicted and Residual Values for 15-second PERHR (N=601
Participant 0 Actual Max VQ2(ml/Kg*min) Prtdiaed Max VQ2(mi/k^*mm.i Residuals
1 62.95 49.00 13.95
2 48J3 5729 ■8.86
3 33J2 4123 -811
4 61.56 49.93 11.63
s 42.05 5729 -1524
6 40.17 5173 -1226
7 51.64 49.93 I I I
8 56.04 50.86 5.18
9 6184 52.73 10.11
to 54.38 53.66 0.72
II 64.07 56.46 761
12 45.47 4123 3.94
13 50.48 52.73 -215
14 44.78 47.13 -225
IS 47.13 43.40 3.73
16 60.28 5429 5.69
17 3153 4123 -9.60
18 40.96 43.40 -2.44
19 48.12 48.06 0.06
20 47.58 48.06 -0.48
21 4141 50.86 -8.45
22 52.64 38.73 13.91
23 37.49 4423 -6.84
24 4119 47.13 -4.94
25 58.71 51.80 6.91
26 6124 49.93 I2 2 I
27 37.72 4517 -725
28 61.29 50.86 10.43
29 4923 53.66 -423
30 48.92 47.13 1.79
31 49.76 49.00 0.76
32 48.18 56.46 -818
33 38.42 38.73 -021
34 5029 5429 -410
35 56.47 51.80 4.67
36 5526 5729 -2.03
37 28.61 49.93 -2122
38 49.76 55.53 -5.77
39 47.83 51.80 -3.97
40 4028 49.93 -9.55
41 31.00 42.47 -11.47
42 5326 48.06 520
43 3425 4423 -9.78
44 40.46 47.13 -6.67
45 4121 39.67 224
46 5224 4147 9.87
47 46.81 50.86 -4.05
48 31.90 37.80 -5.90
49 5026 51.80 -114
so 37.06 36.87 0.19
51 46.88 47.13 -015
52 6221 50.86 II 45
53 49.88 4147 7.41
54 66.46 49.93 1623
55 68.03 53.66 1427
56 46.77 4517 120
57 48.06 49.00 -024
58 45.13 48.06 -193
59 47.13 51.80 -4.67
60 69.75 56.46 1319
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Table 14
Actual. Predicted and Residual Values for 1-minute PERHR (N=60)
Participant # Actual Max VQ2(ml/Kg*mm) Predicted Max V02(ml/kg‘wiin.) Residuals
1 62.95 50.41 12.54
2 48.53 53.05 -4.52
3 33.32 40.10 -6.78
4 61.56 52.79 8.77
S 42.05 54.11 -12.06
6 40.17 46.71 -6.54
7 51.64 53.05 -1.41
8 56.04 51.47 4.57
9 62.84 5 3 2 2 9.52
10 5 4 2 8 54.11 0.27
II 64.07 56.23 7.84
12 45.47 40.10 5 2 7
13 50.48 53.58 -3.10
14 44.78 47.24 -2.46
IS 47.13 4 5 2 9 1.74
16 60.28 5 322 6.96
17 31.93 40.89 -8.96
18 40.96 43.27 -2.31
19 48.12 48.82 -0.70
20 47.58 47.77 -0.19
21 42.41 51.47 -9.06
22 52.64 38.78 13.86
23 37.49 43.54 -6.05
24 42.19 45.65 -3.46
25 58.71 52.79 5.92
26 6 2 2 4 5 1 2 0 11.04
27 37.72 47.50 -9.78
28 61.29 50.94 10.35
29 4 9 2 3 55.70 -6.37
30 48.92 48.82 O.IO
31 49.76 48.82 0.94
32 48.18 55.43 -7 2 5
33 38.42 36.66 1.76
34 5 0 2 9 55.70 -5.31
35 56.47 50.94 5.53
36 55.36 56.23 -0.87
37 28.61 50.67 -22.06
38 49.76 55.43 -5.67
39 47.83 52.26 -4.43
40 4 0 2 8 49.09 -8.71
41 31.00 4 7 2 4 -1 6 2 4
42 53.36 4 7 2 0 5.86
43 3 4 2 5 4 7 2 4 -12.69
44 40.46 46.18 -5.72
45 42.21 37.19 5.02
46 5 2 2 4 44.06 8 2 8
47 46.81 50.94 -4.13
48 31.90 36.40 -4.50
49 50.56 52.26 -1.70
50 37.06 33.49 3.57
51 46.88 46.97 -0.09
52 6221 53.85 8.46
53 49.88 40.63 9 2 5
54 66.46 49.88 16.58
55 68.03 5 5 2 6 12.07
56 46.77 43.80 2.97
57 48.06 47.24 0.82
58 45.13 52.00 -6.87
59 47.13 50.41 -3 2 8
60 69.75 56.49 13.26
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The standard error represents the amount of error expected in a prediction. Table 15 
shows the regression statistics for the data in Table 13. This data set resulted in a 8.3% 
error in predicting Max VO2 from a 15-second PERHR using the prediction equation y = 
-.9329x + 76.986 (Table 15). R Square revealed that only 29% of the variability within 
the data set could be explained.
Table 15
Regression Statistics Values for 15-second PERHR
Regression Statistics fo r  15-second PERHR 
Multiple R 0.5428
R Square 0.2947
Adjusted R Square 0.2825
Standard E rror 8.30
Observations 60
R square represents the percent o f variability within the scores that both Max VO2 and 
PERHR have in common. To clarify. Max VO2 values will vary to an extent as well as 
PERHR values. The percent of this intra-variable variability that PERHR and Max VO2 
share in common is the R square value (For the 15-second PERHR, 29%). Therefore 71% 
of the variability occiuring within the 15-second PERHR and Max VO2 values cannot be 
explained.
Table 16
Regression Statistics Values for 1-minute PERHR
Regression Statistics fo r  I-m inute PERHR
Multiple R 0.5797
R  Square 0.3360
Adjusted R  Square 0.3246
Standard E rror 8.05
Observations 60
Table 16 shows the regression statistics for the data in Table 14. This data set resulted in 
a 8.05% error in predicting Max VO2 from a 1 -minute PERHR using the prediction
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equation y = -.2644x + 75.261 (Table 16). R Square revealed that only 34% of the 
variability within the data set could be explained. Therefore 6 6 % of the variability 
occurring within the 1-minute PERHR and Max VO2 values cannot be explained.
Figure 5 shows the relationship between the 15-second post exercise recovery 
heart rate and maximum oxygen uptake for the male data set (N=33). The line represents 
the prediction equation for this data set. This prediction equation, y = -.7695x + 75.633, 
gives a predicted max VO2 when a 15-second post exercise recovery heart rate is 
substituted for “x”.
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Max VO2  Vs. 15-sec. PERHR for Males (N=33’>
Figure 6  shows the relationship between the 1-minute post exercise recovery heart rate 
and maximum oxygen uptake for the male data set (N=33). The line represents the 
prediction equation for this data set. This prediction equation, y = -.263 Ix + 78.587, gives 
a predicted max VO2  when a 1 -minute post exercise recovery heart rate is substituted for
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Analysis of the male data resulted in a significant r (33) = .3921 at = .2960 (p =
.0012, p < .05) for the 15-second PERHR and a significant correlation o f r (33) = .5405 at 
r = .2960 (p = .024, p < .05) for the 1-minute PERHR. Table 17 shows predictionenncal vr- > r  /
values for Max VO^ when each of the males’ 15-second PERHR values were substituted
for “x” within the prediction equation from Figure 5. The “residuals” column shows the 
variability between the predicted Max VO^ values and actual Max VO^ values. Table 18
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shows prediction values for Max VO^ when each o f the males’ 1-minute PERHR values
were substituted for “x” within the prediction equation from Figure 6 . The “residuals” 
column shows the variability between the predicted Max VO  ̂values and actual Max VO^
values.
Table 17
Actual. Predicted and Residual Values for 15-second PERHR for Males fN=331
Participant # Actual Max V02(ml/Kg*min.) Predicted Max y02(ml/kg*min.) Residuals
I 62.95 52.55 10.40
4 61.56 53.32 8.24
6 40.17 55.63 -15.46
7 51.64 53.32 -1.68
8 56.04 54.09 1.95
9 62.84 55.63 721
20 47.58 51.78 -4.20
21 42.41 54.09 -11.68
22 52.64 44.08 8.56
13 50.48 55.63 -5.15
15 47.13 47.93 -0.80
16 60.28 57.17 3.11
25 58.71 54.86 3.85
26 62.24 53.32 8.92
28 6129 54.09 720
31 49.76 52.55 -2.79
35 56.47 54.86 1.61
38 49.76 57.94 -8.18
39 47.83 54.86 -7.03
40 40.38 53.32 -12.94
42 5326 51.78 1.58
44 40.46 51.01 -10.55
45 42.21 44.85 -264
47 46.81 54.09 -7.28
51 46.88 51.01 -4.13
52 62.31 54.09 8.22
53 49.88 47.16 2.72
54 66.46 5322 13.14
55 68.03 56.40 11.63
56 46.77 49.47 -2.70
57 48 06 52.55 ^.49
59 47.13 54.86 -7.73
60 69.75 58.70 11.05
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Table 18
Actual. Predicted and Residual Values for 1-minute PERHR for Males fN=33)
Participant it Actual Max V02(ml/Kg*min.) Predicted Max y02(ml/kg*min.) Residuals
1 62.95 53.85 9.10
4 61.56 56.22 5.34
6 40.17 50.17 -10.00
7 51.64 56.48 -4.84
8 56.04 54.90 1.14
9 62.84 56.75 6.09
20 47.58 51.22 -3.64
21 42.41 54.90 -12.49
22 5264 4227 10.37
13 50.48 57.01 -6.53
15 47.13 48.85 -1.72
16 60.28 56.75 3.53
25 58.71 56.22 2.49
26 62.24 54.64 7.60
28 61.29 54.38 6.91
31 49.76 5227 -2.51
35 56.47 54.38 2.09
38 49.76 58.85 -9.09
39 47.83 55.69 -7.86
40 40.38 52.54 -12.16
42 53.36 50.96 2.40
44 40.46 49.64 -9.18
45 42.21 40.69 1.52
47 46.81 54.38 -7.57
51 46.88 50.43 -3.55
52 62.31 57.27 5.04
53 49.88 44.12 5.76
54 66.46 53.33 13.13
55 68.03 59.38 8.65
56 46.77 47.27 -0.50
57 48.06 50.69 -2.63
59 47.13 53.85 -6.72
60 69.75 59.90 9.85
Table 19 shows the regression statistics for the data in Table 17. This data set resulted in 
a 7.95% error in predicting Max VO2 from a 15-second PERHR using the prediction 
equation y = -.7695x + 75.633 (Table 19). R Square revealed that only 15% o f  the 
variability within the data set could be explained. Therefore, 85% of the variability 
occurring within the 15-second PERHR and Max VO2 values cannot be explained.
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Table 19
Regression Statistics Values for 15-second PERHR for Males
Regression Statistics for 15-second PERHR for M ales 
M ultiple R 0.3921
R  Square 0.1537
A djusted R Square 0.1264
Standard Error 7.95
Observations 33
Table 20 shows the regression statistics for the data in Table 18. This data set resulted in
a 7.95% error in predicting Max VO2 from a 1-minute PERHR using the prediction
equation y = -.263 Ix + 78.587 (Table 20). R Square revealed that only 29% of the
variability within the data set could be explained. Therefore, 71% o f the variability
occurring within the 1-minute PERHR and Max VO2 values cannot be explained.
Table 20
Regression Statistics Values for 1-minute PERHR for Males
Regression Statistics fo r  I-m inute PERHR fo r  Males 
M ultiple R 0.5405
R  Square 0.2921
A djusted  R Square 0.2693
Standard  Error 7.27
O bservations 33
Figure 7 shows the relationship between the 15-second post exercise recovery heart rate
and maximum oxygen uptake for the female data set (N=27). The line represents the
prediction equation for this data set. This prediction equation, y = -.8223x + 69.292, gives
a predicted max VO2 when a 15-second post exercise recovery heart rate is substituted for
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Figure 8  shows the relationship between the 1-minute post exercise recovery heart rate 
and maximum oxygen uptake for the female data set (N=27). The line represents the 
prediction equation for this data set. This prediction equation, y = -.2148x + 65.875, gives 
a predicted max VO2  when a 1 -minute post exercise recovery heart rate is substituted for 
“x”.
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Max VO2 Vs. 1-minute PERHR for Females (N=27)
Analysis of the Female data resulted in a significant Pearson’s product-moment 
correlation coefficient o f r  (27) = .6544 at r^^^^ = .3233 (p = .0002, p < .05) for the 15-
second PERHR and a significant correlation of r (27) = .6236 at r^ ^ ^  = .3233 (p = .0005,
p < .05) for the 1-minute PERHR. This statistically indicates that there is a relationship 
between PERHR using a height specific bench and maximum oxygen uptake. Table 21 
shows prediction values for Max VO^ when each of the females’ 15-second PERHR
values were substituted for “x” within the prediction equation from Figure 7. The
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“residuals” column shows the variability between the predicted Max VO^ values and 
actual Max VO^ values.
Table 21
Actual. Predicted, and Residual Values for 15-second PERHR (N=27)
Participant # Actual Max V02(ml/Kg*min.) Predicted Max V02(ml/Kg*min.) Residuals
2 48.53 52.02 -3.49
3 33.32 38.04 -4.72
5 42.05 52.02 -9.97
10 54.38 48.73 5.65
11 64.07 51.20 12.87
12 45.47 38.04 7.43
14 44.78 42.98 1.80
17 31.93 38.04 -6.11
18 40.96 39.69 1.27
19 48.12 43.80 4.32
23 37.49 40.51 -3.02
24 42.19 42.98 -0.79
27 37.72 4123 -3.61
29 49.33 48.73 0.60
30 48.92 42.98 5.94
32 48.18 51.20 -3.02
33 38.42 35.58 2.84
34 50.39 49.56 0.83
36 55.36 52.02 3.34
37 28.61 45.45 -16.84
41 31.00 38.87 -7.87
43 34.55 40.51 -5.96
46 52J4 38.87 13.47
48 31.90 34.76 -2.86
49 50.56 47.09 3.47
50 37.06 33.93 3.13
58 45.13 43.80 1.33
Table 22 shows prediction values for Max VO^ when each o f the females’ 1-minute
PERHR values were substituted for “x” within the prediction equation from Figure 8. The 
“residuals” column shows the variability between the predicted Max VO^ values and
actual Max VO^ values.
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Table 22
Actual. Predicted, and Residual Values for 1-minute PERHR (N=27)
Participant #  Actual Max V02(ml/Kg*min.) Predicted Max V02(ml/Kg*min.) Residuals
2 48.53 47.83 0.70
3 33.32 37.30 -3.98
5 42.05 48.69 -6.64
10 54.38 48.69 5.69
11 64.07 50.41 13.66
12 45.47 37.30 8.17
14 44.78 43.10 1.68
17 31.93 37.95 -6.02
18 40.96 39.88 1.08
19 48.12 44.39 3.73
23 37.49 40.09 -2.60
24 42.19 41.81 0.38
27 37.72 43.32 -5.60
29 49.33 49.98 -0.65
30 48.92 44.39 4.53
32 48.18 49.76 -1.58
33 38.42 34.51 3.91
34 50.39 49.98 0.41
36 55.36 50.41 4.95
37 28.61 45.89 -17.28
41 31.00 43.10 -12.10
43 34.55 43.10 -8.55
46 52.34 40.52 11.82
48 31.90 34.29 -2.39
49 50.56 47.18 3.38
50 37.06 31.93 5.13
58 45.13 46.97 -1.84
Table 23 shows the regression statistics for the data in Table 21. This data set resulted in 
a 6.72% error in predicting Max VO2 from a 15-second PERHR using the prediction 
equation y = -.8223x + 69.292 (Table 23). R Square revealed that only 42% of the 
variability within the data set could be explained. Therefore, 58% of the variability 
occurring within the 15-second PERHR and Max VO2 values cannot be explained.
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Table 23
Regression Statistics Values for 15-second PERHR for Females
Regression Statistics fo r  15-second PERHR fo r  Females 
M ultiple R 0.6544
R  Square 0.4282
Adjusted R Square 0.4054
Standard Error 6.72
Observations 27
Table 24 shows the regression statistics for the data in Table 22. This data set resulted in 
a 6.95% error in predicting Max VO2 from a 1-minute PERHR using the prediction 
equation y = -.2148x + 65.875 (Table 24). R Square revealed that only 39% of the 
variability within the data set could be explained. Therefore, 61% o f the variability 
occurring within the I-minute PERHR and Max VO2 values cannot be explained.
Table 24
Regression Statistics Values for 1-minute PERHR for Females
Regression Statistics fo r  I-m inute PERH R fo r  Females 
M ultiple R  0.6236
R  Square 0.3889
A djusted R  Square 0.3645
Standard Error 6.95
Observations 27
All the data statistically indicates that there is a significant relationship between PERHR
using a height specific bench and maximum oxygen uptake (Refer to Table 25).
Culpepper and Francis (1988) and Francis and Basher (1992) reported similar results
between Max VO2 and PERHR using a height specific bench. The data from all 3 studies
suggests that the higher the Max VO2 , the lower the post exercise recovery heart rate. The
unexplained variability suggests that other factors are influencing the variability
occurring within the post exercise recovery heart rate and maximum oxygen uptake data.
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This unexplained variability is reflected in the significant correlations for this data set 
between the 15-second PERHR and Max VO2 and the 1-minute PERHR and Max VO2 . 
Factors such as body weight, body fat, participant motivation on the Max VO2 test and 
age may possibly be causing this variability resulting in the varying standard errors when 
predicting Max VO2 firom the 15-second and 1-minute PERHRs using an individualized 
bench.
Table 25
Summary of Results
Group 15-sec PERHR 1-min PERHR
All Participants 0.5428 0.5796
Prediction Equation y=-.9329x+76.986 y= -.2644x + 75.261
Standard Error 8.30% 8.05%
Unexplained Variabilit 71% 66%
Males 0.3921 0.5405
Prediction Equation y= -.7695x + 75.633 y=-.2631x + 78.587
Standard Error 7.95% 7.27%
Unexplained Variabilit 85% 71%
Females 0.6544 0.6236
Prediction Equation y= -8223x + 69.292 y=-.2148x + 65.875
Standard Error 6.72% 6.95%
Unexplained Variabilit 58% 61%
Cureton (Mariott, Bernadette M. Gumstrup-Scott, Judith, 1992) examined the effects of 
experimental manipulation o f excess weight on aerobic capacity and distance running 
performance. The author concluded that excess fat weight resulted in an individual 
running at a higher percentage of their VO2 max. For example, if 2 individuals with the 
same Max VO2 but different body compositions, one is 30% fat and the other is 10% fat, 
perform the modified YMCA Step Test, the 30% fat individual will have a higher 
exercise heart rate than the 10% fat person. Therefore, the 10% fat individual will recover 
faster because his or her heart rate was lower during the exercise making that person 
appear fitter. The extra weight, body fat, causes additional stress to the cardio-respiratory
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system that results in a higher exercise heart rate. If the PERHR scores from the above 
example were substituted into the present study’s prediction equations, the Max VO2 
values would probably result in a significant error.
Participant motivation on the Max VO2 test may also influence the results 
significantly. Individuals who did not perform maximally on the treadmill test and who 
are in good cardio-respiratory condition as indicated by the modified YMCA 3-Minute 
Step Test will reduce the relationship (decrease the correlation) between PERHR and 
Max VO2 . Many of the participants were not athletes, therefore they are not accustomed 
to pushing themselves through discomfort at higher workloads causing them to stop the 
test before a true value for Max VO2 is obtained. The mouthpiece, headgear, and nose 
plug may also contribute to the participant’s discomfort causing early termination of the 
test. Fear o f falling at the higher workloads may have also contributed to the 
psychological disposition of the participant. Older Participants may also be reluctant to 
greatly exert themselves on the treadmill test for fear of injury or fatality.
Age typically results in a decrease in physical working capacity (Max VO2) and 
represents another variable in predicting Max VO2 from PERHR. This may result in over 
or under estimation o f Max VO2 . Astrand (1960) developed an age correction factor for 
predicted Max VO2 values from submaximal testing. Perhaps applying this correction 
factor to the predicted Max VO2 values in the present study would improve the variability 
between actual and predicted values.
Watkins (1984) suggests that using a recovery heart rate within the first 20 
seconds of exercise yields the greatest reliability when predicting Max VO2 . In the 
present study, there was little difference between the 15-second and 1-minute PERHR.
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However, analysis of the male data showed a significantly lower correlation for the 15- 
second recovery heart rate than the I-minute recovery heart rate (Refer to Table 25).
The high error in predicting Max VO2 from either of the PERHRs may be a result 
o f  the asymptotic nature o f the heart rate/oxygen uptake relationship described by Fitchett 
(1985). Fitchett explains that the linear relationship between VO2 and heart rate diverges 
from that relationship by reaching a peak maximum heart rate before Max VO2 is 
achieved. This suggests that Max VO2 will be underestimated if a submaximal heart rate 
or PERHR is used to predict maximum oxygen uptake.
Comparison of the women to the men resulted in significantly higher correlations 
for both the 15-second and 1-minute PERHRs. The women’s standard error was also 
reduced when compared to the men. This may be due to the small sample size in this 
study. Scores with restricted ranges have a tendency to reduce the significance of the 
correlation; therefore a sample population with a greater range o f scores may explain 
more of the variability. Increasing the sample size will also decrease the effects of 
outliers on the correlation. Outliers result in abnormally high or low correlations.
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CONCLUSIONS
The relationship between the PERHR using a height adjusted bench and Max VO2 
was studied using 27 female and 33 male participants. It was shown that this relationship 
was statistically significant (Refer to Table 25). Therefore the null hypothesis, no 
relationship between PERHR using a height adjusted bench and Max VO2 (p = 0), was 
rejected. This suggests that the higher the Max VO2 , the lower the post exercise recovery 
heart rate. The more physically fit an individual becomes the higher their ability to 
deliver oxygen to the working muscles, the lower their exercise heart rate and the faster 
their heart rate will recover fi-om the exercise. The present study also suggests that Max 
VO2 can be predicted from a PERHR using a height adjusted bench. However, caution 
should be used when using such a prediction. Statistical analysis of the data has shown 
unexplained variability occurring within both the PERHR and Max VO2 . This 
unexplained variability indicates that there are other variables influencing the relationship 
between post exercise recovery heart rate using an individualized bench and maximum 
oxygen consumption. Possible variables may include, weight, body fat, lack of 
participant motivation during the Max VO2 test and age.
Prediction o f Max VO2 would be extremely advantageous to health professionals 
who use the YMCA 3-Minute Step Test as an assessment o f an individual’s cardio-
69
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respiratory fitness. This would enable the health professional to use the scores from the 
Step Test as a comparison to others and to predict individual levels of cardio-respiratory 
fitness by Max VO2 in one testing session. This would eliminate the need for expensive 
and non-mobile heavy laboratory equipment when testing a large population for Max 
VO2 . The modified YMCA 3-Minute Step Test can also be administered in a short period 
of time as opposed to actually performing a max test. Finally, the greatest advantage the 
test offers is that it allows the test to be administered to any age group with minimal 
danger to the subject.
Recommendations
Further studies are necessary to explain some o f the variability that occurs when 
predicting maximum oxygen uptake from a post exercise recovery heart rate. Increasing 
the sample size will reduce the effects of outliers, increase the range of scores and may 
result in a higher correlation. It is recommended that fixture studies, which incorporate the 
above suggestions, be used with Culpepper and Francis’ (1987) equations for bench 
height. Body weight and body fat should also be investigated to determine their roles in 
the level of cardio-respiratory fimess as it pertains to the YMCA 3-Minute Step Test. 
Perhaps these suggestions may decrease the amoimt of error in predicting Max VO2 from 
a post-exercise recovery heart rate.
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or m o se  ntio sKouM h a re  meOrcai adrwe concerm n g ate type ot a e tm ty  most swiable lor m em
Common sen se  «  you r  b est guide m anstaerm g m ese  lew  questions Please read mem  
earetuJly and check lv  I m e  □  YES or O NO o p p o p le  m e question d n appkes lo you.
YES NO
O  O  I Has your d octor  ever said you  h a r e  heart ■rouble'*
O  O  2 Go you Irequenlly have pains in your heart and ch esl*
O  O  3 O o y o u o lle n  le e lla in t or hare sp e lts  ot severe d iatutess*
O O 4 Has a  doctor ever said your b lood pressure aras loo  higli*
O O 5 Has your d octor  ever told you mat you  hare a bon e or loiniprobltm such
a s  arthritis trial h a s  been aggraraied by exercise, or im ghi be made 
rrorse m m  exercise'*
O  O  6 Is there a  g o o d  physical reason not m entioned here trhy you should not
talloiv an  actirrty program even it y o u  wanted lo*
O  O  7 Are y ou  over a g e  6S and not accus tom ed to  rigorous exercise*
YES to o n e  or mo r e  q u e s t i o n s  N O  to al l  q u e s t i o n s
p r o g r a ms
p o s tp o n e
« • to e w r tU I Q V ,
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laformed Consent
Prediction O f 3-Minute Step Test
I am Antonio Santo, a master’s student at UNLV. You are invited to participate in a research study examining the 
relationship between heart rate after exercise and maximum aerobic capacity. Please read the following statements.
The tests you are about to take are to determine if there is a 
difference between using a I-minute or 15 second recovery heart rate when 
predicting maximum oxygen uptake from a modified YMCA Step Test.
Physical measurements of height, weight, and skinfolds will be taken.
You will first step up and down on a bench adjusted for your 
height at a cadence of 24 steps/minute for 3 minutes. At the end of 3 minutes, 
your recovery heart rate will be taken for 1 minute. These data arc used to estimate 
your fimess level. The next part o f the procedure will be to determine your 
maximal oxygen uptake. This involves running on a treadmill at a speed selected 
by you with the grade being increased every 2 minutes until your maximum 
working capacity is reached. (This means that although the workload is increased, 
the heart rate does not increase.) This is about the point o f maximal oxygen uptake.
Heart rate and expired Oxygen and Carbon dioxide will be continually measured.
These tests require you to work at submaximal and maximal abilities in about a 40 minute period and, therefore are 
demanding, vigorous, and stressful tests. Since you are an apparently healthy adult between the ages of 18 - 38 years no 
medical clearance is needed. There are discomforts to the test. Muscle soreness, nausea, breathlessness, dizziness, and 
lightheadedness may occur. There is the possibility of falling or tripping on the bench and/or treadmill. Maximum care, 
supervision, and preparation will be taken to minimize any hazard or danger. The test will be stopped any time you are 
not adapting well to the activity or when any major discoinfort arises. You may stop the testing or withdraw from the 
test at any time. There is absolutely no pen^ty for not completing all of the tests. These tests may be fatal for an 
individual with coronary artery disease. All records are kept confidential.
If you have any questions, concerns, or comments about the study or the tests please contact UNLV, Office of 
Sponsored Programs at 895 -  1357 or Dr. Lawrence A. Golding (Department of Kinesiology) at (702) 895 -  3766.
The benefits to you are that you will have an assessment o f your physical fimess. You will know your maximum 
oxygen uptake, post exercise recovery heart rate and percent body fat.
In signing the consent form, 1 acknowledge that 1 understand the testing procedures, the possible dangers, and certify 
that to my knowledge there is no medical reason why I should not participate in these tests.
Participant's Signature Participant’s Name (Printed) Date
Wimess’s Signature Wimcss’s Name (Printed) Date
o f J4 o a b it. Scionets 
^^orciio  P lu fiio to f^  oCaLortJor^
4505 Ifffja r^a tu l P arlm ia^ * ^ox 453034 ® YjovaJLi 8 9 /54-3034
(707} 895-3766 ̂  3 ^ X (707)895-4191
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Name
Prediction o f  Maximum Oxygen Uptake From A Modified YMCA 3-Minute Step Test
Data Sheet
Date
Date of Birth Gender
Age
Age Correction Factor
Weight lbs. Kg.
Height m. cm.
Bench Height cm
Skinfold Measurements
Abdomen mm
Iliac Crest mm
Triceps mm
TTiigh mm
Total mm
%BodyFat =
Step Test 1-Mlnnte Post Exercise Recovery Heart Rate
Step Test 15-Second Post Exercise Recovery Heart Rate 
Treadmill Speed mph Maximum VO% ml/kg.min
o f J 4 a a b k  S c U n c ti 
élxtrciio PlufSio/oÿif ojCoLoralor̂
4303 yi^ar t̂and Parkwaif •  Sox 433034 •  jCai l/ofoi, YItuaJa 89134-3034 
(702)  893-3766 •  (702/ 893-4191
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Prediction Of Maximum Oxygen Uptake From A Modified YMCA 3-Minute Step Test 
Heart Rate And RPE Data Sheet
Name: Date:
Predicted Maximum Heart Rate (220-AGE)
Time (Minutes) Speed (mph) % Grade Heart Rate RPE
I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
o f -JJaa/lli Sciancai 
SxarcUa Plu îoto îf oCaLoratonf
4303 yi^anf/aiul Parkwaif^ Sox 433034^ tjCcu 'Uâ as, Y^uaJa 89 f34-3034 
(702}893-3766* (702) 893-4191
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Prediction o f  M aximum Oxygen Uptake From a M odified YMCA 3-M inute Step Test
Participant Handouts
Nomu For V 02 Max (Aerobic Power in mi/Kg*min.)
fVomen (Age) Poor Fair Average Good Excellent Athletic Olympian
20-29 <28 29-34 35-43 44-48 4 9 -5 3 54 -59 60+
30-39 <27 28-33 34-41 4 2 -47 4 8 -5 2 53-58 59+
40-49 <25 26-31 32-40 41 -45 4 6 -5 0 51 -56 57+
50-65 <21 22-28 29-36 37-41 4 2 -4 5 4 6 -4 9 50+
Men (Age) Poor Fair Average Good Excellent Athletic Olympian
20-29 <38 39-43 44-51 5 2 -56 5 7 -6 2 63-69 70+
30-39 <34 35-39 40-47 48-51 5 2 -5 7 58-64 65+
40-49 <30 31-3 5 36-43 4 4 -4 7 4 8 -5 3 54-60 61 +
50-59 <25 26-31 32-39 40-43 4 4 -4 8 4 9 -5 5 56+
60-69 <21 22-2 6 27-35 36-39 4 0 -4 4 45 -4 9 50+
Your Score on Max V 02 Treadm ill Test:
Percent Body Fat Norms
Classification Male Female
Lean <8% <15%
Above Average 8 -15% 15-22%
Average 16-19% 23 - 27%
Below Average 20 - 24% 28 - 33%
Poor >24% >33%
Your Score for Percent Body Fat:
S o lta ^ t o f ~/Jtabk Scioncoi 
Sxarciio PlufiuJâ if aCoLorcdonf
4505 yifjanftcuii Parkuicuf •  Sox 433024 * ejCai X/â ai, YjavaJa 89 /34-3034 
(707) 893-3766• (702) 893-4/ 9 f
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Prediction Of Maximum Oxygen Uptake From A Modified YMCA 3-Minute Step Test
Calculations for Step Height Determination
In Inches In cmIn Feet
Height of
In Inches
152 11.52 29.2608
155 11.75 29.8460
158 11.98 30.4312
162 12.21 31.0164
165 12.44 31.6017
168 12.67 32.1869
171 12.90 32.7721
174 13.13 33.3573
177 13.36 33.9425
180 13.59 34.5277
183 13.82 35.1130
186 14.05 35.6982
189 14.28 36.2834
192 14.52 36.8686
195 14.75 37.4538
198 14.98 38.0390
201 15.21 38.6243
204 15.44 39.2095
207 15.67 39.7947
210 15.90 40.3799
213 16.13 40.9651
Bench (Males) = 192 (IJ Height of Bench (Females) = .189 (IJ
Actual Used (In cm) In Inchesh  cm Actual Used (In cm)
11.34
11.57
11.79
12.02
12.25
12.47
12.70
12.93
13.15
13.38
13.61
13.83
14.06
14.29
14.52
14.74
14.97
15.20
15.42
15.65
15.88
28.8036
29.3797
29.9557
30.5318
31.1079
31.6840
32.2600
32.8361
33.4122
33.9882
34.5643
35.1404
35.7165
36.2925
36.8686
37.4447
38.0208
38.5968
39.1729
39.7490
40.3250
00
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Power “on” the Vista and select “Vista TurboFit” from the DOS menu. This will 
display the menu for the TurboFit program. The calibration process begins by entering 
the menu titled “Calibration”. The current barometric pressure(BP) must be entered into 
the machine by clicking on the barometric pressure box in the middle of the screen. The 
BP value displayed may be changed by typing in a new value. Once the proper BP has 
been entered, click the save box to exit. The first step is to calibrate the room air. (Always 
use the values displayed on the computer screen instead of the values displayed on the 
gas analyzers in all o f these procedures.) This is simply done by clicking on the bottle 
numbered 1 located on the left side of the screen. This bottle is O2 in the room (20.93%). 
The computer will only allow this bottle to be accepted if the reading is close to 20.93%. 
The top middle to left part o f the display shows a traffic light consisting of Red, Yellow, 
and Green. If the display does not read 20.93% a “red” light will be displayed and the 
computer will instruct the tester on which knobs to turn, in order to correctly calibrate the 
vista. These messages will appear at the bottom of the screen as a flashing box. The 
object is to induce a “green” light on the traffic signal. Turning the correct knobs is 
extremely important or sever damage may occur to the Vista! Once a green light appears 
on the traffic signal, the computer will display “Good 0% calibration” and the tester may 
move on by clicking the “ok” box. After the O2 , is correctly adjusted the room CO2 is 
calibrated by clicking on the bottle numbered 2. The CO2 should read about .04%. If the 
figure shown is not acceptable by the computer, a red light will appear on the traffic 
signal and the figure must be corrected by adjusting the ^propriate knobs. The computer 
gives specific information at the bottom of the screen on which knobs to turn (This is 
extremely important). Once the green light appears on the traffic signal, the computer
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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will display “Good CO2 Calibration” The next step is to connect the calibration gas 
(15.05% O2 , 5.13% CO2) to the calibration hose located on the bottom portion o f the 
Vista cart. The button on the vista marked “Cal gas” should be turned on. The gas may 
now be opened to allow flow to the Vista. The “Cal Gas” flow meter should be monitored 
so that the indicator is located between the red lines on the flow meter (located on the gas 
analyzer portion of the Vista). This regulates the amount of calibration gas flow in the 
Vista system. If the indicator is not between the red lines, adjust the flow of gas by 
turning the knob on the cal gas bottle. The “CO’ 2 and “O2” flow meters should also be 
monitored so that the indicator is between the red lines. If  the indicator is not between the 
red lines, adjust the flow by turning the knobs located on the “C0 ” 2 and “O2” flow 
meters themselves. Once the flow is adjusted, click on the bottle labeled #3. This is the 
calibration for the bottled O2 . If the computer does accept the value displayed, a red light 
will be displayed on the traffic signal and the figure must be corrected. Again the 
computer will prompt you at the bottom of the screen to adjust the appropriate knobs 
until a good calibration is achieved. The final calibration is that of the bottled CO2 . This 
is the bottle labeled #4. The computer will prompt the tester if the value is unacceptable. 
The appropriate knob must be adjusted to calibrate properly. If the “CO2 Span” reaches 
its stops, then increase the “CO2 Zero” knob above the accepted value and then decrease 
the value displayed by adjusting the “CO2 Span” knob in the opposite direction. Once all 
4 of these values have been calibrated, the computer will flash “Gas Calibration Sequence 
Completed” and the testing may begin. Be sure to turn off the calibration gas and the 
button labeled “Cal Gas”. Click on the “Quit” button to exit the calibration menu.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Participant Age Height (In In.) Height (In cm.) Weight (in Kg) Weight (In lb:.) VoBody Fat Step Height I-mln. PERHR 15-Sec. PERHR Max V02(mlA
l(Male) 26 68.50 173.99 73.48 162.00 12.23 33 94 30 62.95
2 (Female) 27 65.50 166.37 56.87 125.38 19.92 31 84 21 48.53
3 (Female) 21 63.70 161.80 54.16 119.40 21.86 31 133 38 33.32
4 (Male) 28 70.50 179.07 78.50 173.04 13.27 35 85 29 61.56
5 (Female) 26 64.50 163.83 62.88 138.66 23.39 31 80 21 42.05
6 (Male) 38 71.50 181.61 92.02 202.88 19.41 35 108 26 40.17
7 (Male) 27 68.25 173.35 69.57 153.40 11.42 33 84 29 51.64
8 (Male) 26 69.00 175.26 85.85 189.26 8.51 34 90 28 56.04
9 (Male) 22 72.00 182.88 85.38 188.24 10.14 35 83 26 62.84
10 (Female) 23 65.25 165.74 60.55 133.50 23.07 30 80 25 54.38
11 (Female) 23 65.00 165.10 62.92 138.70 21.69 31 72 22 64.07
12 (Female) 21 65.25 165.74 56.20 123.90 22.78 31 133 38 45.47
13 (Male) 21 74.00 187.96 96.18 212.04 15.17 36 82 26 50.48
14 (Female) 20 71.00 180.34 69.16 152.48 20.90 34 106 32 44.78
13 (Male) 23 73.00 185.42 89.55 197.44 19.78 36 113 36 47.13
16 (Male) 22 66.25 168.28 78.52 173.00 13.73 32 83 24 60.28
17 (Female) 38 67.50 171.45 82.54 181.92 25.97 33 130 38 31.93
18 (Female) 32 66.25 168.28 67.42 148.54 24.24 32 121 36 40.96
19 (Female) 21 64.75 164.47 59.66 131.52 20.45 31 100 31 48.12
20 (Male) 19 66.50 173.99 76.53 168.72 23.05 33 104 31 47.58
21 (Male) 38 72.50 184.15 104.62 230.64 24.35 36 90 28 42.41
22 (Male) 20 71.25 180.98 70.36 155.12 13.18 35 138 41 52.64
23 (Female) 21 66.00 167.64 79.40 175.02 34.06 32 120 35 37.49
24 (Female) 21 65.00 165.10 64.28 141.68 28.65 31 112 32 42.19
25 (Male) 24 67.50 171.45 70.74 155.94 15.42 33 85 27 58.71
26 (Male) 18 68.00 172.72 75.84 167.20 12.39 33 91 29 62.24
27 (Female) 24 63.50 161.29 86.30 190.26 30.15 31 105 34 37.72
28 (Male) 19 66.00 167.64 65.38 144.18 12.08 32 92 28 61.29
29 (Female) 22 63.50 161.29 61.40 133.36 24.62 31 74 25 49.33
30 (Female) 27 64.00 162.56 55.07 121.42 19.92 31 100 32 48.92
31 (Male) 23 66.50 168.91 61.94 136.62 9.55 33 100 30 49.76
32 (Female) 18 62.00 157.48 54.92 121.10 21.31 30 75 22 48.18
33 (Female) 18 63.50 161.29 59.73 131.60 28.97 31 146 41 38.42
34 (Female) 23 63.60 161.54 56.23 123.96 20.99 31 74 24 50.39
35 (Male) 23 73.80 187.45 86.53 190.72 16.38 36 92 27 56.47
36 (Female) 22 65.60 166.62 50.30 110.9 15.56 32 72 21 55.36
37 (Female) 27 61.25 155.58 59.07 130.16 24.99 30 93 29 28.61
(Tabulation of Participant Physical Characteristics - Part 1)
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38 (Maie) 20 70.00 177.80 68.25 150.46 11.04 35 75 23 49.76
39 (Maie) 20 65.25 165.74 55.28 121.88 7.56 32 87 27 47.83
40 (Maie) 23 66.00 167.64 75.48 166.44 17.47 32 99 29 40.38
41 (Female) 18 65.00 165.10 72.92 160.72 26.46 31 106 37 31.00
42 (Male) 19 69.25 175.90 70.85 156.22 16.62 34 105 31 53.36
43 (Female) 18 63.75 161.93 58.83 129.72 27.52 31 106 35 34.55
44 (Male) 40 73.00 185.42 99.95 22034 23.89 36 110 32 40.46
45 (Male) 31 72.25 183.52 89.28 196.88 22.85 35 144 40 42.21
46 (Female) 20 65,25 165.74 56.72 125.04 17.51 31 118 37 52.34
47 (Male) 55 69.00 175.26 88.44 194.98 21.00 34 92 28 46.81
48 (Female) 22 68.25 173.36 83.82 184.76 29.89 33 147 42 31.90
49 (Female) 24 64.25 163.20 58.21 128.32 24.90 31 87 27 50.56
50 (Female) 21 67.00 170.18 77.15 170.10 32.40 32 158 43 37.06
51 (Male) 31 70.00 177.80 105.2 231.90 30.04 35 107 32 46.88
52 (Male) 20 71.50 181.61 72.61 160.10 8.57 35 81 28 62.31
53 (Male) 25 70.00 177.80 70.56 155.64 16.91 35 131 37 49.88
54 (Male) 26 70.25 178.44 84.15 185.54 13.90 36 96 29 66.46
55 (Male) 28 73.25 186.06 80.57 177.62 9.33 36 73 25 68.03
56 (Male) 22 70.00 177.80 64.54 142.20 7.87 35 119 34 46.77
57 (Male) 25 69.50 176.53 88.41 194.20 14.20 34 106 30 48.06
58 (Female) 20 70.00 177.80 55.09 121.42 16.26 34 88 31 45.13
59 (Male) 26 68.00 172.72 75.48 166.38 25.07 33 94 27 47.13
60 (Male) 23 66.50 168.91 70.35 155.00 9.80 33 71 22 69.75
24 67.65 171.91 72J7 159.50 19.24 33 100 30 48.72
Std. Dev. 6.408 3.19 8.11 13.44 29.64 6.73 2 21 6 9.63
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Females Males
Average Weight 64 Kg 141 lbs. Average Weight 79
Average Height 65 inches 166 cm. Average Height 70
Average % Body Fat 24 Average % Body Fat 15
Average Age 23 Average Age 26
Average 1-min. PERHR 105 Average 1-min.PERHR 97
Average 15-scc. PERHR 32 Average 15-sec. PERHR 29
Average V02 43 ml/kg*min. Average V02 53
Average Step Height 31 cm. Average Step Height 34
All Participants
Average Weight 72 Kg 160 lbs.
Average Height 68 inches 172 cm.
Average % Body Fat 19
Average Age 24
Average 1-min. PERHR 100
Average 15-sec. PERHR 30
Average V02 49 ml/kg*min.
Average Step Height 33 cm.
Kg
inches
175 /6s. 
177 cm.
ml/kg*min.
cm.
(Tabulation of Participant Physical Characteristics - Part 3)
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